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SonoVu US-—A visible improvement | 
in ultrasound-guided aspiration. - 


The clearly visible bright echoes on the real-time sonogram hole creates a highly visible echo on the US display. 


= 


below mark a breakthrough in accuracy and safety for fine- The side holes also provide a significant increase in needle 
needle aspiration under ultrasound guidance. flow rate, and ensure free flow should the tip become 
SonoVu US, from E-Z-EM, is the first in a family of occluded—often the case with spinal or chiba needles. 
procedural needles designed specifically for enhanced Developed for use in amniocentesis, the SonoVu design 
ultrasound visualization. can offer similar benefits in such procedures as US-moni- 
Precisely formed 0.44 mm distal side holes on the cannula tored biopsy and cyst aspiration. For more information on 
closely match the wavelength of ultrasound generated by a 20- and 22-gauge SonoVu US needles from E-Z-EM, 


3.5 MHz transducer. Uniform diffraction of the wave at each call 1-800-544-4624. 
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For both the patient 

and the practitioner, 
E-Z-EM products set the 
standards for convenience, 
safety, and quality in: 


w GI Radiology 

m Interventional Radiology 
= CT Scanning 

= Ultrasound 


m Magnetic Resonance 
Imaging 


m Angiography 

m CEA Immunostaining 
m Radiation Oncology 
a Patient Prepping 

m Protective Products 


= Computerized Information 
Management Systems 


EZEM: 


E-Z-EM, Inc. 
Westbury, NY 11590 


Circle 5 on the Reader Service Card 


SonoVu US Needle Standard Spinal Needle 





© 1990, E-Z-EM, Inc 
Reference: Amniocentesis Needle with Improved Sonographic Visibility. Radiology 1989; 171: 576 — 577. 


12. 46) 


Official Journal of the American Roentgen Ray Society 


- 





a Erd 
N 
- 


American Journal of Roentgenology ey 
Diagnostic Imaging and Related Sciences 


Editor-In-Chief Robert N. Berk, La Jolla, California 
University of California, San Diego 
School of Medicine and Medical Center 


Editor Emeritus Melvin M. Figley, Seattle, Washington 

Associate Editor Saskia von Waldenburg Hilton, San Diego, California U GY 

Consulting Editor Michael S. Huckman, Chicago, Illinois T ON / | 
@ 

Statistician Charles C. Berry, San Diego, California 


Editorial Board 


John R. Amberg John R. Hesselink Peter M. Ronai 
Itamar Aviad Charles B. Higgins Sjef H. J. Ruijs 
Mark E. Baker Melvyn T. Korobkin Stuart S. Sagel 
Lawrence W. Bassett Faye C. Laing David J. Sartoris 
Michael A. Bettmann Thomas L. Lawson Stefan C. Schatzki 
Felix S. Chew Robert G. Levitt William P. Shuman 
N. Reed Dunnick Bruce L. McClennan Edward A. Sickles 
David K. Edwards Richard P. Moser Barry A. Siegel 
Ronald G. Evens Albert A. Moss David D. Stark 
David S. Feigin Jeffrey H. Newhouse Edward T. Stewart 
Sandra K. Fernbach Donald L. Resnick Murali Sundaram 
Richard H. Gold Stewart R. Reuter Eric vanSonnenberg 
William R. Hendee Charles A. Rohrmann, Jr. Robert K. Zeman 


Editorial Staff: Margaret Levene, managing editor; Katie L. Spiller, Barbara Rose, 
Barbara L. Halliburton, and Janine Anderson, manuscript editors; Nancy Rydbeck, office 
manager; Sheri Smith, administrative assistant; Matthew M. McCormick, administrative 
secretary. 


AJR, AMERICAN JOURNAL OF ROENTGENOLOGY (ISSN 0361 803X) is the official journal of the American Roentgen Ray 
Society and is published monthly by Williams & Wilkins, 428 E. Preston St., Baltimore, MD 21202. Annual dues include $50 for 
journal subscription. Second-class postage paid at Baltimore, MD, and at additional mailing offices. Postmaster, send address 
changes (Form 3579) to AJR, 428 E. Preston St., Baltimore, MD 21202. Subscription rates $110 ($155 foreign, $244 Japan): 
institutions $120 ($165 foreign, $254 Japan); in training $25 ($70 foreign, $159 Japan); single copy $16 ($19 foreign). Japanese 
rates include airfreight. Japanese yen price is available from our sole agent USACO Corporation, 13-12, Shimbashi 1-Chome. 
Minato-Ku, Tokyo 105, Japan, telephone 03-502-6471. Airmail rates furnished on request. Indexed by Current Contents and index 
Medicus. Copyright © 1990 by American Roentgen Ray Society. 0361-803X/90$2.00 


Al 





Maintain complete control of 
each step with the angiographic 
SEP-3 Program Control. 





The New SEP-3 Program Control... Expands Filmchanger Capability 


The SEP-3 Computerized Program Control is part of e Extended interfacing capability 
the PUCK CM/C Angiographic Filmchanger System. e Single plane or biplane operation 


It displays each procedure in real-time, second-by- e Longer exposure times 
second, with a live display, providing unparalleled e Up to four films/s exposure rate 
control, accuracy and convenience in angiographic e Control of up to three PUCK CM/C filmchangers 
>A, 
procedures. SEP-3, the user-friendly brain of the Elema-Schonander, Inc. as 
PUCK CM/C System, offers these advantages: 2360 N. Palmer Drive, P.O. Box 94517 
e Memory for up to 20 user-generated programs Schaumburg, IL 60173-3887 
e Operational messages, memory-stored Phone: (708) 397-5900 


e Real-time program display Telefax (708) 397-5943 
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tion and explain why it is important. 
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are used, do not duplicate tabular data in text, but do describe 
important trends and points. 

Discussion. Describe the limitations of the research plan, 
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purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 


AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 
sign the copyright form on the reverse side of this page, 
and include both with the manuscript. 


-- Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted, 
One copy has been retained by the author. 

lf appropriate, AJR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
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to a minimum. When abbreviations are used they are defined 
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~ Metric measurements are used throughout, or the 
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—— Names and locations (city and state only) of manu- 
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Title Page 
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Study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress, phone number, and FAX number are given. 

Bs, Two copies of a blind title page are included giving 
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Abstract 
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Case Reports 


TEn 


A case report is a brief description of a special case that | 
provides a message that transcends the individual patient. | 
Format. There is no abstract. The introduction should | 

| be a short paragraph giving the general background and | 
the specific interest of the case. No more than one case | 
should be described in detail (similar ones can be men- : 
tioned briefly in the discussion). Emphasis should be on | 
the radiologic aspects; clinical information must be limited | 
| 

| 
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| 
| 
| 
| to that necessary to provide a background for the radiol- _ 
| ogy. The discussion should be succinct and should focus | 
| on the specific message and relevance of radiologic meth- _ 
| ods. A review of the literature is not appropriate. 

: Length. Maximum of five double-spaced, typewritten | 
| pages, including the references but not the title page or | 
| figure legends. 
References. Maximum of eight. | 
| Figures. Maximum of three or four, unless the text is | 
| shortened accordingly. Legends must not repeat the text. | 
| Tables and Acknowledgments. Not appropriate in case 
| | reports. | 
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Pictorial Essays | 
| 


A pictorial essay is an article that conveys its message | 
through illustrations and their legends. Unlike other AJR 
_ articles, which are based on original research, pictorial | 
essays serve primarily as teaching tools, like exhibits at a | 
scientific meeting. They are not encyclopedic book chap- | 
ters. The abstract should be a short, introductory para- | 
graph. | 

Length. Maximum of four double-spaced, typewritten _ 
pages, including the references but not the title page or | 
figure legends. | 

References. Maximum of four. | 

Figures. Maximum of 30 figure parts. Number should be | 
as few as necessary to convey the message of the paper. | 

Tables and Acknowledgments. Not appropriate in pic- | 
torial essays. | 
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| 
| 
| 
| 
| 
| 
| 
| 
| 
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: Opinions, Commentaries, and Perspectives l 
| Opinions, commentaries, and perspectives are special | 
: articles dealing with controversial topics or issues of spe- 
| cial concern to radiologists. : 
| Format. Include a title page but no abstract. Headings | 
| may be used to break up the text. | 
Length. Maximum of five double-spaced, typewritten | 
| pages. | 
| References. Maximum of five. ! 
__Tables and Figures. Maximum of four. acd 


| Technical Notes 
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A technical note is a brief description of a specific | 
technique or procedure, modification of a technique, or 
equipment of interest to radiologists. : 

Format. No abstract, headings, or subheadings are re- 
quired. If headings are used, they should be a combination — 
of “Case Report,” “Materials and Methods,” “Results,” and _ 
“Discussion.” A brief one-paragraph introduction should 
be included to give the general background. Discussion — 
should be limited to the specific message, including the — 
uses of the technique or equipment. Literature reviews | 
and lengthy case reports are not appropriate. | 

Length. Maximum of five double-spaced, typewritten _ 
pages, including the references but not the title page or | 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened | 
accordingly. 

Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 
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Letters to the Editor and Replies | 


Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 
may also discuss matters of general interest to radiolo- 
gists. Do not end a letter with a hand-written signature. f 

Format. All letters should be typed double-spaced on | 
nonletterhead paper, with no greeting or salutation, Name 
and affiliation should appear at the end of the letter. Titles | 
for letters should be short and pertinent. The title for a 
reply is simply “Reply.” | 

Length. Maximum of two double-spaced, typewritten | 
pages, including references. | 

References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not appropriate in Let- | 
ters to the Editor and Replies. 


Computer Page Articles 


Articles published on the computer page deal with prac- / 
tical computer applications to radiology. 
Format. include a title page but no abstract. 
Length. Maximum of eight double-spaced, typewritten — 
pages. 
References. Maximum of five. | 
Figures and Tables. Maximum of five. Computer print- 
outs are not acceptable. Figures must be submitted as 5- 
_X 7 in. glossy prints. | 


All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the signed 
Copyright Agreement. 
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* Subspecialization in Radiology 


M. Paul Capp’ 


It is with a sense of pride 
and humility that | stand be- 
fore you as the 90th presi- 
dent of this Society. It is, in- 
deed, a distinct privilege and 
honor to preside over the 
country’s oldest radiologic 
society, but, more important, 
to be a part of the most ex- 
citing specialty in medicine 
today. The cataclysmic 
growth and excitement that 
has occurred in radiology 

f since the Second World War 
is difficult to put into words. However, the cause and effect 
of this growth are the theme of this presidential address, 
namely, subspecialization in radiology. 

Eighteenth-century physicians had little to offer patients 
other than tender loving care, compassion, and hope in deal- 
ing with disease. Nineteenth-century physicians provided only 
a little better care with the discovery of bacteria, antiseptic 
techniques, anesthetic agents and, finally, the discovery of X- 
rays in 1895. What occurred in the next 10 years was 
incredible; Becquerel and Curie’s discovery of natural radio- 
activity, Thompson’s description of the electron, Planck’s 
discovery of light quanta, Einstein’s theory of relativity, and 
Rutherford’s description of the atom. The reason for the 
sudden genius of these investigators in the physical sciences 
remains an unknown, but their contributions paved the way 
for even more critical thought in the 20th century. As a result, 
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medicine began the insidious transition and slow conversion 
from an art to a science, a transition that slowly continues 
today. Specialization within medicine occurred shortly there- 
after with the founding of the American Board of Ophthal- 
mology in 1917, the Board of Pediatrics in 1933, and our own 
Board of Radiology in 1935 [1]. By that time, subspecialization 
was already occurring in radiology, with Cornelius Dyke, head 
of radiology at the Neurological Institute of New York, and 
John Caffey, pediatrician at Columbia’s Babies Hospital, who 
fathered the development of pediatric radiology [2]. 
Subspecialization in radiology accelerated after the Second 
World War, with the application of radioisotopes to medicine 
and the development of nuclear medicine. During the next 40 
years, eight additional subspecialties developed, all serving 
specific medical needs. As a consequence, subspecialty 
radiologic societies were born [3] (Table 1). Has it been good 
for patient care and radiology? | am sure our clinical col- 
leagues would agree that patient care has improved because 
of radiologic subspecialization. Has the stature of radiology 
improved? The International Skeletal Society is one of many 
examples of credibility that has increased because of subspe- 
cialization. Thirty years ago, orthopedists had little respect 
for radiologists. In all honesty, we had little to offer and they 
did not need us. Today, orthopedists’ respect for musculo- 
skeletal radiologists has soared, and the subspecialists are a 
valuable asset to the practice of orthopedics and rheumatol- 
ogy. In many cases, they have joint faculty appointments in 
orthopedic departments. Turf problems do not exist. Unfor- 
tunately, this has not carried over to the community hospital, 
and although the economic reasons for self-referral in ortho- 
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TABLE 1: Subspecialty Radiologic Societies 

cere eens a ATA EN TE I TE ET ATE a TT TD 
. Society of Computed Body Tomography (SCBT) 

. Society of Gastrointestinal Radiologists (SGR) 

. Society of Magnetic Resonance in Medicine, Inc. (SMRM) 

, Society of Nuclear Medicine (SNM) 

. Society of Radiologists in Ultrasound (SRU) 

. Society of Thoracic Radiology (STR) 

. Society of Uroradiology (SUR) 

. American Society of Head and Neck Radiology (ASHNR) 

. American Society of Neuroradiology (ASNR) 

10. Fleischner Society (FS) 

11. International Skeletal Society (ISS) 

12. North American Society for Cardiac Radiology (NASCR) 

13. Society for Magnetic Resonance Imaging (SMRI) 

14. Society for Pediatric Radiology (SPR) 

15. Society of Cardiovascular and interventional Radiology (SCVIR) 
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pedics are apparent, | suggest that the lack of subspeciali- 
zation in musculoskeletal diseases in private practice is a 
significant factor. 


Reasons for Subspecialization 


Ten diagnostic subspecialties developed over many years 
by the American Board of Radiology serve as subspecialties 
for use in the oral and written examinations (Table 2). in all 
cases, they clearly demonstrate needs of our clinical col- 
leagues. Neurosurgeons and neurologists have accepted and 
now insist on excellence from neuroradiologists in tertiary 
care hospitals. Pediatric radiology is a clearly defined subspe- 
cialty demanded by pediatricians in all children’s and major 
hospitals. In fact, further sub-subspecialization within pediat- 
ric radiology now exists in large children’s hospitals. While 
gastrointestinal and genitourinary radiology began as sepa- 
rate subspecialties, the dynamic growth of cross-sectional 
imaging has caused them to be incorporated into an abdom- 
inal imaging section, the main diagnostic area for evaluating 
patients with abdominal problems. Radiologists focusing on 
abdominal imaging have become an intimate part of the team 
along with general surgeons, urologists, and gastroenterolo- 
gists. Subspecialization in musculoskeletal radiology has been 
stimulated by the important role now played in this area by 
MR imaging. 

Cardiovascular and interventional radiologists have opened 
up a new field of therapeutic radiology. It is appropriate to 
note that the subject of the categorical course at this meeting 


TABLE 2: Subspecialties Chosen by the American Board of 

Radiology for Written and Oral Examination 

ere e A aT GO IS AT RL EI ETT SE OE 

Neuroradiology 

Pediatrics 

Gastrointestinal 

Genitourinary 

Musculoskeletal 

Cardiovascular/Interventional 

Chest 

Mammography 

Nuclear Medicine 

Sonography 

BETREE NEEESE NB RT TEL RT OT SOE IE TR LL LE LETTE, 
Note.-—This list does not include physics. 
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is cardiovascular radiology and a major portion of it concerns 
cardiac MR imaging. Although many feel cardiac radiology 
has been lost, many of us feel MR imaging technology pro- 
vides an opportunity to regain some of this lost turf, but, more 
importantly, to add significantly to the team treating cardiac 
disease. Subspecialists in chest radiology, represented by 
both the Fleischner Society and the Society of Thoracic 
Radiology, have gained the respect of cardiothoracic sur- 
geons as well as pulmonologists. Mammography has come. 
of age, relating closely to surgical and therapeutic oncology. 

Nuclear medicine and sonography are still technology- 
based subspecialties. Nuclear medicine relates to all organ 
systems, making it difficult for nuclear medicine physicians to 
relate in depth to clinical subspecialists. As a result, they often 
find themselves isolated. Sonographers tend to be more 
organ related and are usually included in the abdominal im- 
aging section. The American Board of Radiology has wisely 
incorporated CT and MR imaging into its system of organ- 
system subspecialties. 


Subspecialization in Other Clinical Disciplines 


The specialty of pediatrics has 13 listed subspecialties [3] 
(Table 3). Eight are approved and five are in the process of 
being approved. Although arguments can be made about 
whether or not these are all appropriate, it is obvious that 
many radiology subspecialties are just as important. Internal 
medicine has 11 approved subspeciaities, and two more are 
awaiting approval (Table 4). Certification in cardiovascular 
disease was approved 49 years ago in 1941; no wonder we 
lost most of cardiac imaging. Even our colleagues in pathology 
have nine approved subspecialties (Table 5). Recently, radio- 
isotopic pathology was eliminated because no one applied to 
take the certifying examination. Pathologists number signifi- 
cantly less than radiologists, but have put forth major efforts 
to certify their subspecialties. Here we are; a large medical 
discipline with the fewest approved subspecialties (nuclear 
radiology). The major reason for this resistance comes from 
community radiologists who feel subspecialty colleagues 
would usurp their practice. 


TABLE 3: Subspecialties Approved by the American Board of 
Pediatrics 


Subspecialty Year of Approval 
Diagnostic laboratory immunology 1986 
Pediatric cardiology 1961 
Pediatric critical care medicine 1987 
Pediatric endocrinology 1978 
Pediatric hemato-oncology 1974 
Pediatric nephrology 1974 
Pediatric pulmonology 1986 
Neonatal-perinatal medicine 1975 
Developmental pediatrics Pending 
infectious disease Pending 
Emergency medicine Pending 
Rheumatology Pending 
Adolescent pediatrics Pending 


TEESE S E AE ES E EE EC LO EEA 
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TABLE 4: Subspecialties of Internal Medicine 





Cardiovascular disease 

Critical care medicine 
Diagnostic laboratory immunology 
Endocrinology and metabolism 
Gastroenterology 

Hematology 

infectious disease 

Medical oncology 
_Nephrology 

Pulmonary disease 
Rheumatology 

Emergency medicine? 


Transplant medicine? 
a PRS 
* Pending approval. 


TABLE 5: Subspecialties Approved by the American Board of 
Pathology 





Subspecialty Year of Approval 
Anatomic and Clin. Path. Blood banking 1973 
Anatomic Pathology Chemical pathology 1950 
Clinical Pathology Dermatopathology 1974 
Forensic pathology 1959 
Hematology 1952 
Immunopathology 1983 
Medical microbiology 1949 
Neuropathology 1947 
Radioisotopic pathology 1974 





Survey of Radiology Practice 


| recently surveyed five group practices in various parts of 
the country to get a feel for the degree of subspecialization 
that exists within each group. | purposely chose different- 
sized groups, and the results are interesting and, | believe, 
meaningful. The first is a group of 24 radiologists in the West 
who serve four hospitals (one of tertiary care) and four offices. 
They have four subspecialty neuroradiologists who practice 
neuroradiology 80-90% of the time. Six of the 24 do inter- 
ventional and specialized angiograms, such as percutaneous 
angioplasty (40-50% of the time). All 24 radiologists do the 
rest of the work. One has a particular interest and expertise 
in pediatrics. 

A group of eight serves an eastern hospital and one office. 
Four of the eight do interventional radiology and special 
angiography 30-40% of the time. interestingly, although all 
eight do nuclear medicine, three of eight do all of the nuclear 
cardiology. All eight do the rest of the examinations. 

A group of 17 in the Midwest serves five primary-care 
hospitals. Six do MR imaging and neuroradiology 60% of the 
time, and only two are required to do interventional work 10- 
15% of the time. The rest do all procedures. 

A group of 12 in the West serves two hospitals (one tertiary 
care) and two offices. Five do sophisticated angiography and 
interventional radiology; five interpret coronary angiograms 
from an active adult cardiac catheterization laboratory; all do 
nuclear medicine, but nine do ail the thallium studies. There 
is one subspecialist in nuclear medicine, one in sonography, 
and the others do all procedures. 
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A group of six in the Southeast, the smallest of the five 
groups | chose, represents one tertiary-care hospital. Three 
do ail the neuroradiology (one of the three had a fellowship), 
four do all the interventional radiology, one does the angio- 
plasty, two do most of the pediatric radiology, three do all the 
mammography, and the new recruit, coming July 1, had a 
fellowship in nuclear medicine. ironically, the head of the group 
does almost half of the routine radiology, primarily because 
the others are busy doing their subspecialties. 

| believe this anecdotal survey of five hospitals represents 
the practice of radiology in our communities. Rt appears that 
where there are specialists, radiologists fill the need for sub- 
specialty radiology, to some degree present in every group. 
in none of the groups polled were there significant difficulties 
between the general radiologists and the subspecialists. Vir- 
tually all subspecialists did some general work, and many 
generalists did some subspecialty work. 


Disadvantages of Subspecialization 


There are disadvantages to the development of subspe- 
Cialties. First, there is a preoccupation of the subspecialist 
toward making biased decisions in patient care. A subspe- 
Cialist may favor his or her own specialty, particularly when it 
is technology-based. This is a valid argument and must be 
addressed in those institutions whose subspecialists do no 
general work. it is unlikely this probierm will occur in the 
community hospital where most subspecialists are required 
to do general work. In university hospitais where many 
subspecialists only perform examinations in their own sub- 
specialty, their bias must be counteracted by their department 
colleagues. 

second, hospital privileges for general radiologists may be 
reduced. This is valid but it may make no difference because 
requirements of the Joint Commission on Accreditation of 
Healthcare Organizaitons are already forcing hospitals to be 
discriminatory, particularly in regard to those allowed to do 
invasive procedures. 

Third, subspecialization will lead to fragmentation of radiol- 
ogy. Subspecialists tend to become allegiant to their national 
subspecialty group, which then is given a higher priority than 
membership in organizations such as the American Roentgen 
Ray Society, the American College of Radiology, the Radic- 
logical Society of North America, or the Association of Uni- 
versity Radiologists. We must realize that these organizations 
remain the most potent voice of organized radiology. Support 
of these groups must continue or radiology wil! fragment and 
radiologists will be ineffective. Subspecialty societies cannot 
muster the political and economic clout required to protect all 
the needs of radiology. Fragmentation also causes another 
problem. Almost all subspecialties have their own journal and 
pressure their members to publish within it. On the other 
hand, all radiologists read the two major journals, the AJA 
and Radiology. lf these two were to fail, radiologists would 
have no choice but to subscribe and read all of the subspe- 
Cialty journals, an impossible task. Therefore, it is imperative 
that subspecialties and their societies accept the responsibil- 
ity of Supporting the two major journals with the submission 
of relevant manuscripts. 
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Advantages of Subspecialization 


Subspecialization will improve the level of patients’ care. 
Most of radiology is and will be practiced by general radiolo- 
gists; subspecialists will serve as their teachers. As a result, 
radiology will improve and overall care of patients will be 
better. 

Third-party insurance carriers may recognize the improved 
care associated with subspecialization and discriminate in 
reimbursement of radiologists in contrast to physicians who 
practice radiology without adequate training. 

Subspecialty development has increased and will continue 
to increase the credibility of radiologists among referring 
physicians. This should have a significant impact in helping 
with turf problems. Only if we can prove to our colleagues 
that we are better, and have something to offer, will this 
occur. 

Subspecialization will improve the quality of residency pro- 
grams. The resident completing 4 years of diagnostic radiol- 
ogy training is now exposed to all of the subspecialties during 
the 4 years. The radiology residency committee of the Ac- 
creditation Council for Graduate Medical Education has an- 
nounced that beginning July 1, 1990, all programs must have 
at least one separate person responsible for the educational 
program in each of the nine subspecialty areas (a minimum 
of nine faculty). 

it is important to emphasize that our specialty will simply 
not advance without significant research. Therefore it is im- 
perative that proper training in research be instituted, sup- 
ported, and promoted in those training programs with ade- 
quate resources. If enough residents are not properly trained 
in research, how will they learn this activity? How will our 
specialty advance? The American Board of Radiology has 
wisely allowed training program directors to have the flexibility 
to include some research time during residency. 

Subspecialty radiology has already helped in giving greater 
credibility and enhancing our image in medical schools and 
community hospitals. 

Subspecialization has had a profound influence on medical 
students’ education and, in particular, in attracting the best 
_ medical students to a career in radiology. 
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Conclusions 


In 5 years, radiology will observe its 100th anniversary. By 
that time, formal recognition of subspecialty programs should 
be approved by both the residency review committee and the 
American Board of Radiology. Our discipline is fortunate in 
having had the successes it has had in the past 95 years. It 
is important that radiology proceed with subspecialization and 
not fear this process. Excellence in radiology will continue 
and grow only if the generalist, the subspecialist, and those 
who are in-between support each other. Subspecialization is 
good for our discipline, good for medicine, and most important 
of all, good for our patients. 
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Radionuclides and the Lung: 
Past, Present, and Future 





This, the nineteenth lecture commemorating the Austrian-born radiologist Felix 
G. Fleischner, was delivered in New York City, April 27, 1989. Dr. Fleischner was 
born in Austria 2 years before Roentgen discovered X-rays. Wurzburg, where 
Roentgen worked, is only 250 miles from Vienna. in the 1920s, when Fileischner 
began his career as a radiologist, Vienna was one of the leading diagnostic radiology 
centers. His pioneering observations were made there between the two worid 
wars. After emigrating to the Unites States in 1938, he began his second career, 
in Boston, MA. As director of the Department of Radiology at the Beth Israel 
Hospital (appointed 1942), he reflected on his early discoveries in the light of newer 
knowledge of anatomy, physiology, and pathology in a series of classic radiologic 
articles. A selected bibliography (Table 1) shows that Fleischner’s early discoveries 
bore fruit in these classic articles in later years. He established the tradition that 
the radiologist must keep abreast of advances in other medical disciplines. Eight 
of the 19 Fleischner lectures have been given by specialists outside radiology—in 
pathology, physiology, anatomy, surgery, and medicine—something of which Fleis- 
chner would have approved. Not many are appointed to the staff of the Massachu- 
setts General Hospital at the age of 73 (in an honorary capacity, admittedly), nor 
did Felix Fleischner’s scientific output decline with his retirement; he published 22 
papers after the age of 67. 
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Early Studies with Scintillation Detectors 


Fleischner’s era preceded the days of radionuclide investigation of the lung. The 
first person to study regional lung function by using external counting was a 
physician from West Germany. Born 2 years after Fieischner, H. W. Knipping was 
Professor of Medicine in Cologne from 1939 to 1960. An obituary by his friend Paul 
Sadoul (from nearby Nancy in France) stresses his creativity and enthusiasm for 
pulmonary research. In his pioneering experiments, human subjects inhaled methy! 
iodide vapor labeled with iodine-131, which was deposited in the periphery of the 
lung in proportion to regional ventilation and subsequently removed in proportion 
to local blood flow [1]. Later, Knipping and his colleagues [2] switched to a reactor- 
produced radioactive gas, xenon-133, with a convenient physical half-life of 5 days. 
This gas was relatively insoluble, suitable for studies of regional ventilation; when 
dissolved in saline and injected IV, measurements of pulmonary blood flow could 
be made also. This was Knipping's most important contribution because xenon- 
133 was taken up by D. V. Bates and his colleaques in Montreal [3] and J. B. West 
and co-workers at Hammersmith [4], and much physiological knowledge has 
stemmed from its use. Today xenon-133 is still the most widely used radionuclide 
for clinical ventilation scanning, although xenon-127, krypton-81m, and radiolabeled 
aerosols are tending to replace it. 
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TABLE 1: Selected Bibliography of Felix G. Fieischner 


Before World War Il After Worid War I! 
(Austria) (USA) 


Mee ne ere rah ny ee pant A ROU ELE AHSAN mn na EEE EEE 


Regarding localization of free Atypical arrangement of free 
pleural effusion [in German]. pleural effusion. Radiol 
Wien Klin Wochenschr Clin North Am 1963;1:347 
1926;39:642 

The visible bronchial tree: a dif- 
ferential diagnosis symptom in 
the radiologic appearance of 
pneumonia [in German]. 
Fortschr Geb Rontgenstr Nu- 
klearmed Erganzungsband 
1927;36:319 

Regarding the presence of hori- 
zontal linear opacities in the 
lung field [in German]. Wien 
Arch Innere Med 1936;28:461 


The visible bronchial tree: A 
roentgen sign in pneu- 
monia and other pulmo- 
nary consolidations. Ra- 
diology 1948;50:184-189 


Linear shadows in the lung 
fields. AJR 1941;46:610 





At about this time, the Medical Research Council of Great 
Britain had commissioned a cyclotron at Hammersmith Hos- 
pital to produce neutrons for radiotherapy. A spin-off from 
neutron bombardment (not originally foreseen) was the pro- 
duction of positron-emitting radionuclides of oxygen, nitrogen, 
and carbon with short physical half-lives (2.1 min for 50O, 10 
min for N, and 20 min for ''C). Consequently, 99% of the 
gases in the lung (O2, Nz, and CO2) couid be radiolabeled and 
detected by external imaging. The most remarkable results 
were obtained with inhaled C'°O [5], as shown in Figure 1, 
and systematic, gravity-dependent gradients of ventilation 
and blood flow were clearly shown for the first time. CO2 was 
a particularly suitable tracer (better than Knipping's methyl 
iodide) because of its high solubility and diffusivity and its 
instantaneous entry into the lung water pool (catalyzed by 
carbonic anhydrase) as H2'°O. 

About 30 years later [6], we showed that any lipophilic 
substance, even a radioaerosol of the diamine molecule 
HMPAO (hexamethyl pentanoic-amine oxine) will be cleared 
with kinetics similar to those of a soluble gas such as CO, 
(Fig. 2). In 1989, in contrast to 1959, y-camera imaging has 
replaced single detectors, and computer displays (in color) 
show the arrival of the rapidly absorbed tracer in the kidney. 
in fact (Fig. 2, upper right panel) about 30% of the inhaled 
diamine is trapped in the epithelial and endothelial cells of the 
lung (by glutathione-dependent metabolic processes), and the 
C'*Oz signal is actually much clearer. 

The importance of gravity was clear from the outset. Stud- 
ies in most postures have shown that ventilation and blood 
flow are greater in the dependent part than in the nondepen- 
dent part of the body. The main exception is the prone posture 
(ventral surface supported), where the usual gradient in the 
vertical direction disappears for ventilation and lung expansion 
but not for pulmonary blood flow [7-9]. The major contribution 
on the mechanisms of the ventilation gradient came from 
Milic-Emili and his colleagues [10] in 1966 with the famous 
onion-skin diagram, which relates the fractional expansion of 
regions to the overall expansion of the lung. The mechanism 
lies in the shape of the alveolar distensibility or compliance 
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Fig. 1.-—-First demonstration, using radioisotopes, of a systematic grav- 
ity-linked gradient of blood flow and ventilation in lung [5]. After inhalation 
of air labeled with tracer quantities of CO, pairs of scintillation counters 
at different iung levels record count rate against time during breath- 
holding. Initial upstroke is proportional to regional ventilation and subse- 
quent slope (clearance rate) reflects regional blood flow. Time markers 
are about 5 sec. Note relative increase of V and Q in lower zone. (Reprinted 
with permission from West [4].) 


curve (lung pressure/volume relationship) whereby large al- 
veoli are stiffer than small alveoli. The reason that dependent 
alveoli are smaller is that they are compressed by the weight 
of the lung above. The distribution of alveolar size is not the 
only determinant of regional ventilation, and review articles 
[11, 12] should be consulted for more information. 

Nongravitational factors also influence blood flow, particu- 
larly the distribution of blood flow between acini within a 
lobule, but this is difficult to detect with the spatial resolution 
of radioisotope imaging systems. Vasoconstriction and reduc- 
tions of lung volume can be associated with reductions in 
blood flow in the gravity axis (called Zone 4 [13]), and some 
horizontal gradients in the decubitus position are incompietely 
explained [7-9]. Hakim et al. [14] have described contours of 
isoflow radiating out from the hilum; the notion is that pul- 
monary vascular resistance is proportional to the vascular 
path length, that is, distance from the hilum. Although this is 
an attractive idea to explain the preferential perfusion of the 
proximal parts of lobules, for which there is experimental 
evidence [15], the distribution of blood flow on a macroscopic 
scale is essentially gravity dominated. 


Clinical Studies 


The pioneer in use of radionuclides in pulmonary medicine 
was George Taplin from UCLA. He devised the beautifully 
simple technique of imaging the distribution of pulmonary 
blood flow with IV injections of aggregated albumin radiola- 
beled with °°"Tc [16]. He showed the feasibility of substituting 
radioaerosols for radioactive gas in the measurement of re- 
gional ventilation [17]. He explored the use of radionuclides 
to detect lung damage in humans [18]. All of these techniques 
are now widely used. Unfortunately, his premature death 
prevented him from delivering the 1980 Fleischner lecture. 
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Fig. 2.—Posterior images immediately after 
(left) and 2-5 min after (right) inhalation of a 
lipophilic aerosol (HMPAO, molecular weight 
354) by a normal subject. Radioactivity is visible 
in kidneys below lung images. Lower panels plot 
rate of clearance from right lower zone and ap- 
pearance in kidneys. (Reprinted with permission 
from Arnot et al. [6].) 
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NORMAL LUNGS 


HMPAO INHALATION 


Pulmonary Embolism 


Taplin’s lung perfusion scan (Q scan) has made a major 
contribution to clinical medicine in the diagnosis of pulmonary 
embolism (PE). Figure 3 shows an example of multiple seg- 
mental and sublobar loss of perfusion in the presence of 
normal ventilation distribution, a pattern that most would 
regard as diagnostic of PE. The pattern of high ventilation- 
perfusion (V/Q) ratios in several regions is called “V/Q mis- 
match” in nuclear medicine parlance. There has been consid- 
erable controversy over the sensitivity and specificity of the 
Q scan in the diagnosis of PE [19]. Certain ground rules have 
emerged: 


1. Multiple views to include right and left oblique 
are required. 

2. A normal Q scan excludes PE at the time of 
the examination but says nothing about past 
or future events. 

3. An abnormal Q scan may occur with any form 
of intrapulmonary disease, even hypoxic vaso- 
constriction, but clinical suspicion, a clear 
chest radiograph, and a negative history for 
pulmonary disease may tip the balance in 
favor of PE. 

4. Nevertheless, pulmonary disease may be si- 
lent, and it is good practice to do a ventilation 
(V) scan on the basis that significant intrapul- 
monary disease will affect the V and Q scans 
similarly, giving “matched defects.” 


For efficacy assessment of radionuclide V/Q scans in di- 
agnosing PE, the pulmonary angiogram is generally taken as 











V Q 


Fig. 3.—Posterior (top) and left posterior oblique (bottom) images of 
ventilation (V) (krypton-81m gas inhalation) and perfusion (Q) (*"Tc- 
albumin macroaggregate injection) in a 58-year-old woman, 10 days after 
sigmoid colectomy. Abnormal Q scan with normal V scan (V/Q mismatch) 
is typical of pulmonary embolic disease. 


the gold standard. Most studies have been retrospective; the 
first large prospective study came from McMaster University 
(R. D. Hull and colleagues [20]). It was an important study, 
not just because of the controversy it caused, but because it 
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TABLE 2: Analysis of 173 Patients with Suspected Pulmonary Embolism Who Had Abnormal Perfusion Scans 





V/Q mismatch 


Group (no. of cases) | (56) 
Type Segmental 
Pulmonary angiography positive (%) 87 
Impedance plethysmography positive (%) 50 
Probability of pulmonary embolism High 

Is angiography necessary? No 


V/Q match 
Il (39) Il (51) IV (27) 
Subsegmental Clear radiograph Unclear radiograph 
40 40 21 
15 20 21 
Medium Medium Low 
? ? No 





Note.—Data from Hull et al. [20]. 


focused attention on the diagnosis of deep venous thrombosis 
(DVT), the source of the pulmonary emboli. The case load 
[20] consisted of 305 consecutive patients referred with 
suspected PE and abnormal perfusion scans. Two hundred 
two patients had pulmonary angiograms (29 were technically 
inadequate) and, finally, only 173 patients had the necessary 
combination of pulmonary angiography, lower limb impedance 
plethysmography, and V/Q scanning for subsequent analysis. 
The results are summarized in Table 2, which shows the 
angiographic and impedance findings for different patterns of 
V/Q scans. For all groups, the frequency of DVT (assessed 
by impedance plethysmography) was low, only half as fre- 
quent as thromboembolism (assessed by angiography). This 
casts doubt on the sensitivity of plethysmography. Group | 
(one third of the analyzed cases), represents the so-called 
classical V/Q scan appearance for PE. More than 85% had 
abnormal angiograms; normally, pulmonary angiography is 
not needed in this group if the clinical picture is consistent. 
Group IV represents a matched V/Q defect associated with 
shadowing on radiographs, a pattern that would normally be 
consistent with pulmonary disease but that could, in the right 
setting, be pulmonary infarction. Angiograms positive for PE 
were uncommon (6/173 cases analyzed), but if clinical sus- 
picion is high, screening for DVT might be undertaken. 

The findings in Groups II and Ill are rather hard to explain. 
In Group II, a V/Q mismatch, even at a subsegmental level, 
suggests PE but, according to Hull et al. [20], 60% will have 
normal findings on angiograms. Does the fault lie with the 
angiogram or with the V/Q scan? Was the Q scan falsely 
positive for PE? Would more rigorous technique with oblique 
views and/or single-photon emission CT (SPECT) have 
helped? Was the V scan falsely normal so that the Q defects 
were really matched with them, suggesting pulmonary dis- 
ease? How accurate is the diagnosis of PE with pulmonary 
angiography? Without selective injections (not made routinely 
in this series), small defects may easily be missed on angiog- 
raphy. The interpretation of minor defects is difficult (more art 
than science), and radiologists often fail to agree. For exam- 
ple, in the PIOPED study (see below) more than 80% agree- 
ment in angiographic interpretation (for or against PE) be- 
tween radiologists was seen for segmental and lobar arteries. 
Agreement was relatively poor for peripheral arteries. An 
independent panel should probably have been called in to 
assess the films. So the gold standard itself may be imperfect. 
Likewise, in Group Ill (matched defects with clear chest 
radiograph, typical of chronic obstructive pulmonary disease) 
the figure of 40% angiograms positive for PE seems remark- 


ably high. The Hull article unfortunately does not go into detail 
over the angiographic criteria used, but arterial “cut-off” in the 
absence of intravascular filling defects caused by clot may 
indicate vascular destruction rather than obstruction. 

The most definitive study of the diagnosis of PE is most 
likely the PIOPED study (Prospective Investigation of Pulmo- 
nary Embolism Diagnosis). More than 1400 patients were 
recruited prospectively at six institutions. In the largest 
subgroup evaluated, 755 pulmonary angiograms (251 positive 
for PE) and V/Q scans were analyzed. The final results have 
not been published, but preliminary reports show that 88% 
of the high probability group on V/Q scanning (Group | of Hull 
et al. [20]) had angiograms positive for PE. Only 15% of low 
probability V/Q scans (e.g., nonsegmental Q defects, Q de- 
fects associated with a larger opacity shown on radiographs, 
matching V and Q defects, a single subsegmental Q defect) 
had angiograms positive for PE. This is more encouraging 
than the Hull data are [20]. 

For the future, we may expect to see the development of 
specific thrombus-seeking agents. J. P. Lavender and A. M. 
Peters [21, 22] have investigated P256, a monoclonal anti- 
body directed against the fibrinogen receptor on the surface 
of platelets. P256 can be labeled with '''In and has been 
injected IV into postoperative patients. Clear images of throm- 
bus are obtained after 24 hr, with regions of higher radioac- 
tivity seen in the calf and in the lungs, where they correspond 
to perfusion defects on the blood flow scan. Monoclonal 
antibodies against fibrin also have been developed [23] and 
used clinically to detect venous thrombus. Both these and 
the antiplatelet antibodies [24] can be labeled with °°"Tc in 
order to achieve better and earlier imaging. If these agents or 
others that are being developed are used prospectively in 
groups of patients who are at risk, the frequency of silent 
DVT and PE may be much greater than we imagined. Evi- 
dence that DVT is associated frequently with unsuspected 
pulmonary embolic disease already exists [25]. The use of 
radiolabeled monoclonal antibodies as thrombus-seeking 
agents should be more specific for PE (and DVT) than lung 
perfusion scans or pulmonary angiography. 


Arteriovenous Shunt 


The lung perfusion scan has other applications. For exam- 
ple, in pulmonary arteriovenous communications, the radio- 
labeled 20- to 40-um albumin microspheres, which are smaller 
than the shunt channels, pass through the lung and lodge in 
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systemic tissues in proportion to their share of the cardiac 
output. If corrections are made for tissue attenuation, good 
correlation exists between the shunt measured from lung/ 
dose or kidney/dose ratios and that measured simultaneously 
by the classical 100% oxygen method [26] in patients with 
pulmonary arteriovenous communications. The microsphere 
method is simpler for patients than 15 min oxygen breathing 
from a Douglas bag and arterial sampling. In some patients 
with liver disease, the pulmonary arteriovenous communica- 
tions, although larger than 30-um diameter, are so small that 
they take part, although imperfectly, in pulmonary gas ex- 
change. Under these circumstances, the shunt with °"Tc- 
labeled microspheres is greater than the shunt measured with 
oxygen [27] (another of G. V. Taplin’s contributions). 


Ventilation Measured with Radioaerosols 


George Taplin was one of the first to explore the possibility 
of measuring regional ventilation with inhaled radiolabeled 
aerosols [17] (one of his earliest scientific papers looked at 
the feasibility of administering penicillin as an aerosol). Of 
course aerosols are easier to administer and dispose of than 
radioactive gases. In normal lungs, only trivial differences 
between aerosol and radioactive gas distributions are dis- 
cernible by external imaging, provided the particle does not 
exceed 1-2 um median diameter. On the other hand, in the 
presence of air-flow obstruction (Fig. 4), a discordance occurs 
between gas and aerosol distributions that is proportional to 
the severity of disease [28]. Except for aerosol deposition in 
the most central airways, the spotty peripheral distribution of 
the aerosol could be due either to airway impaction on bron- 
chial walls, especially at bifurcations where there is increased 
turbulence, or to the uneven distribution of convective flow 
(radioactive gases that are transported by molecular diffusion 


Fig. 4.—Posterior ventilation images using 
*™Kr gas (left) and an ultrafine *°"Tc aerosol 
(0.12-.m particle size) (right) in two patients with 
asthma, one with mild air-flow obstruction (top ) 
and one with moderate obstruction (bottom). 
Note exaggerated inhomogeneity with aerosol 
compared with gas. (Reprinted with permission 
from Arnot et al. [28].) 
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and by convection would be distributed more widely). | favor 
the second explanation, which implies that an aerosol scan 
magnifies any maldistribution of inspired ventilation. 

This amplification factor means that radioaerosol scans are 
probably more sensitive than ventilation scans with radioac- 
tive gases in detecting early bronchial disease, for example, 
in asymptomatic smokers. Nevertheless, the clumping of 
aerosol particles seen in moderately severe air-flow obstruc- 
tion (Fig. 4, bottom right) is a nuisance when a V/Q mismatch 
suggestive of PE (Fig. 3) is being sought. Better nebulizers 
providing smaller aerosol particles may be a partial solution. 


*°™T¢-DTPA Aerosol and Lung Injury 


Another pioneering step taken by Taplin was the introduc- 
tion of radiolabeled aerosols of small-molecular-weight mole- 
cules, such as DTPA (molecular weight, 393) [18]. DTPA 
(diethylenetriamine pentacetate) is lipophobic and penetrates 
the tight junctions between alveolar and airway epithelium 
with difficulty. Nevertheless, after inhalation as a finely dis- 
persed aerosol and dispersion throughout the lung periphery, 
its clearance half-time of 50-70 min is much shorter than an 
aerosol of albumin (MW 48,000) whose removal (ty) by mu- 
cociliary clearance takes 150-300 min. The lung clearance of 
aerosols of lipophobic molecules from the alveolar liquid layer, 
where they are deposited, into the pulmonary circulation is (in 
terms of t») proportional to molecular weight [29]. Electrical 
charge also has an effect [29]. The original studies of Chopra 
et al. [18] showed that pertechnetate (TcO,, MW 168) is 
cleared faster than °°"Tc-DTPA but that the latter is a better 


marker of lung injury (Fig. 5). The clearance of all these 
molecules is said to be diffusion-limited. Their clearance rates 
are of a completely different magnitude than those of rapidly 
diffusing substances such as lipophilic aerosols (HMPAO, Fig. 
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Fig. 5.—Radioactivity plotted against time over lower zones of normal 
subjects (n = 7) and patients with systemic sclerosis with shadowing on 
radiographs and impaired lung diffusing capacity (n = 10), after inhalation 
of °"TcO, (molecular weight 163) or °°"Tc-DTPA (molecular weight 492) 
aerosols. Note more rapid disappearance of °°"TcO, but better discrimi- 
nation for injury with °°*"Tc-DTPA clearance. (Reprinted with permission 
from Chopra et al. [18].) 


2) or gases such as C'°O2 (Fig. 1), whose clearance is 
perfusion-limited. 

Jones et al. [30], quite independently of Taplin’s work, had 
been measuring the lung-to-blood clearance in anesthetized 
rabbits of airway instillation of a solution of °'Cr-EDTA (a 
molecule similar to DTPA) and '*°l-antipyrine (IAP). Later, 
Jones and his colleagues at Northwick Park Hospital in Lon- 
don [31] made the remarkable observation, using Taplin’s 
method [18], that the °°"Tc-DTPA aerosol clearance was 
twice as fast in cigarette smokers (apparently perfectly 
healthy) as in nonsmokers (Fig. 6). Later work from the same 
group [32] showed that after the person stopped smoking, 
the clearance returned toward normal (although it remained 
abnormal) 2-3 weeks later. The mechanism of the increase 
in °°"Tc-DTPA clearance in healthy smokers is still unex- 
plained [33], but these findings were the stimulus for much 
research and more than 100 papers have appeared in which 
°°™T¢-DTPA clearance has been measured in many situations 
and clinical conditions [34]. The findings of Chopra et al. [18] 
of increased clearance in systemic sclerosis have been con- 
firmed in different types of interstitial lung disease many times 
[35]. Adult respiratory distress syndrome [36, 37], Pneumo- 
cystis pneumonia [38], surfactant depletion by lung lavage 
[39], and a host of other conditions are associated with 
increased °°"Tc-DTPA aerosol cleaance. The method is so 
sensitive that even a modest increase in lung volume (pro- 
duced by positive end-expiratory pressure) will double the 
clearance rate [29]. The mechanism of this particular finding, 
as with smoking, has not been adequately explained. Back- 
ground correction for intravascular and chest wall accumula- 
tion of °°"Tc-DTPA is an important refinement of the technique 
[40]. 


13min-Transferrin and Microvascular Permeability 


A more specific but less sensitive marker of lung injury is 
the microvascular escape of ''°™In-transferrin, a radiolabeled 
plasma protein similar in size to albumin, after an IV injection. 
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Fig. 6.—First demonstration of effect of chronic cigarette smoking on 
alveolar capillary permeability. Lung clearance half-time after inhalation of 
°™Tc¢-DTPA aerosol (abscissa) is related to its appearance systemically 
(recorded by a counter on thigh) as ratio of thigh counts at 20 min to initial 
lung counts. Note more rapid disappearance of °°"Tc-DTPA from lung and 
its appearance systemically in smokers. (Reprinted with permission from 
Jones et al. [31].) 


This method, introduced by Gorin et al. [41], is quite specific 
for microvascular injury [42] but in adult respiratory distress 
syndrome it is much less sensitive than °"Tc-DTPA clearance 
[38]. Nevertheless, some interesting clinical results have been 
obtained that suggest that hemodynamic edema can be dis- 
tinguished from permeability edema [43, 44] (Fig. 7). 

One of the attractions of the °°"Tc-DTPA and ''°"In-trans- 
ferrin techniques is that the methods are very simple and no 
more than two scintillation detectors are required. Measure- 
ments can easily be made at the bedside in the intensive care 
setting. 


Imaging Trapped Blood 


Taplin et al. [45] and Ewan et al. [46] independently had 
the idea of inhaling radioactive carbon monoxide (''CO) to 
detect and locate trapped or stagnant blood. Taplin and 
coworkers were interested in finding a pool of nonflowing 
blood trapped beyond a pulmonary embolus. Ewan et al. 
wanted a method to detect the capillary hemorrhage associ- 
ated with Goodpasture syndrome. ''CO, after inhalation, 
binds very firmly to hemoglobin, both intravascularly and 
extravascularly. Thus, in the presence of capillary hemorrhage 
or trapped blood, the removal of ''CO radioactivity from the 
lung counting field would be very slow, but its absorption 
from the inspired gas should be greater than usual. This 
notion proved correct [46] (Fig. 8). Again, these measure- 
ments were made with just two pairs of scintillation detectors 
without any imaging whatsoever! 


Tomography (SPECT and PET) 


The future prospects for radionuclide imaging are very 
exciting. A wide range of new radiopharmaceuticals such as 
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Fig. 7.—Radioactivity plotted against time in two patients with diffuse 
alveolar shadowing associated with the adult respiratory distress syn- 
drome (ARDS) and left ventricular failure (LVF). Radioactivity is plotted as 
ratio of counts from detectors over right upper lung zone (anteriorly) and 
over heart (lung:heart ratio) for °°"Tc-labeled red cells (m) and 1"™in- 
transferrin (@). Slope of °°"Tc:'°"In ratio (O) is termed protein accumulation 
index (PAI). A positive slope (in ARDS but not in LVF) indicates a micro- 
vascular protein leak. (Reprinted with permission from Rocker et al. [44].) 
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Fig. 8.—Count rate (as percentage of maximum) recorded from a scin- 
tillation detector over right upper zone anteriorly after inhalation (and 
subsequent breath-holding) of ''C-labeled carbon monoxide in the pres- 
ence (right) and absence (left) of lung hemorrhage in a patient with 
Goodpasture syndrome. (Reprinted with permission from Ewan et al. 
[46].) 


metabolic markers, receptor ligands, labeled cells, and mono- 
clonal antibodies will be imaged with planar and tomographic 
scanning. For the sake of brevity, | limit my discussion to the 
present and future contributions of tomography to pulmonary 
medicine. Tomography comes in two packages: SPECT for 
photon emitters such as "Tc, ''In, and '*°! with (generally) 
a rotating gamma camera, and PET (positron emission to- 
mography), which in outline looks more like a CT scanner. At 
the moment, PET is probably the ultimate in imaging technol- 
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ogy. The latest generation PET scanners contain 2560 scin- 
tillation detector elements, arranged in five circular rings, from 
which 15 transaxial planes (0.5-cm thick) can be recon- 
structed. 

The disadvantage of tomography is that it is slow if the 
maximum spatial resolution is required; up to 10 min may be 
required to collect statistically reliable counts for a single 
scan. The advantage lies in its definition of geometry in three 
dimensions. The accuracy of SPECT is relative because cor- 
rections for attenuation are not precise. PET uses coincidence 
counting (a special property of positrons), and precise quan- 
titation of radionuclide concentrations (megabecquerels per 
voxel) within and between organs in vivo is possible for the 
first time. This is a major breakthrough, even though the 
spatial resolution, especially in the lung, is somewhat limited 
(0.7-1.0 cm). 

For clinical purposes, the three-dimensional resolution given 
by SPECT may have great advantages in mapping distribu- 
tions of blood flow and ventilation. For ventilation studies, the 
requirement for 10-min scans means that continuous inhala- 
tion of °'"Kr or radiolabeled aerosols must be used, rather 
than Xe. Wiener et al. [47] have shown with SPECT a 
decrease in ventilation of the left lower lobe in patients with 
cardiomegaly; the marked difference in ventilation between 
the right and left lungs disappeared with the patient prone 
(Fig. 9). Normal subjects did not show any right/left lung 
difference in either position. This suggests that an enlarged 
heart, by virtue of its ventral position in the thorax, leads to 
mechanical compression and hypoventilation of the left lower 
lobe. 

The only PET application that | will mention concerns the 
use of '*F-deoxyglucose as a metabolic tracer. Deoxyglucose 
after IV injection enters cells and is converted to deoxyglu- 
cose-6-phosphate (catalyzed by hexokinase). But deoxyglu- 
cose-6-phosphate, which differs from glucose-6-phosphate, 
is not metabolized further at any appreciable rate, and the 
back reaction, catalyzed by phosphatase, has a negligible 
rate constant. Fluorine-18, a positron emitter with a half-life 
of 110 min, can be substituted for hydrogen, and the rate of 
tissue accumulation of '°F, after IV injection of ‘*F-deoxyglu- 
cose ('*FDG), represents the rate of conversion of '8FDG to 
'8FDG-6-phosphate, which is analogous to the metabolic rate 
for glucose (Fig. 10). '"FDG has been used for some time as 
a metabolic marker of ischemia in the brain and the heart 
(energy production by anaerobic mechanisms consumes con- 
siderably more glucose per unit ATP production). Ischemia is 
not really a problem for lungs, which have a dual blood supply. 
Nevertheless, we have found other applications for '*FDG. A 
physiologic finding was that the rate of '*FDG-6-phosphate 
production doubled for lung tissue (also for the myocardium 
and chest wall tissues) after a meal, presumably reflecting the 
influence of insulin [48]. Second, the metabolic rate in lung 
neoplasms exceeded that of normal tissue several fold [49]. 
The most interesting application was in acute and chronic 
inflammation. Raised metabolic rates have been found in 
cryptogenic fibrosing alveolitis [50] and sarcoidosis [51] (Fig. 
10) and in experimental pneumonia (Streptococcus pneumo- 
niae) in rabbits (Table 3) [52]. The reason for the increased 
'8FDG signal in inflammation is the presence of neutrophils, 
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TABLE 3: Regional Pulmonary Glucose Metabolism Measured 
with Fluorine-Labeled Deoxyglucose ('°FDG) and Positron 
Emission Tomography 





Glucose Metabolism in 


Condition [ref. | umol FDG g` hr 











Fasting [44] 1.90 (SD 0.8) 
Fed [4] 5.20 (SD 1.7) 
Cryptogenic fibrosing alveolitis 

[46] 1.14-3.75 (range) 


Sarcoidosis [47] 2.26-11.39 (range) 


Involved/Uninvolved Lung 


Carcinoma [45] 6.6 (2.7-14.6) 
Streptococcus pneumonia [48] 7.8 (1.1-2.3) 
Bleomycin injury [48] 45 (SD 1.1) 





lymphocytes, macrophages, and other blood-derived inflam- 
matory cells. These cells metabolize anaerobically (preferen- 
tially) because of a relative lack of oxidative enzymes. Their 
high metabolic rate for glucose has been demonstrated re- 
cently in experimental pneumonia by autoradiography with 
°H-deoxyglucose [52]. 

We are now turning toward imaging enzyme-substrate 
interactions [53] and receptor binding, following the lead given 
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Fig. 9.—Tomographic transaxial images of 
ventilation by using °""Kr gas inhalation and sin- 
gle-photon emission CT at mid-heart level in 
supine (A) and prone (B) patient with cardio- 
megaly. Counts per pixel are plotted against 
distance along a horizontal axis through dorsal 
regions of both lungs. Note image of prone pa- 
tient has been inverted. Reduced ventilation of 
left lower lobe in supine patient is restored when 
patient is prone. (Reprinted with permission from 
Wiener et al. [47].) 


Fig. 10.—A, Plasma and extravascular lung 
(dorsal right lung, patient supine) ‘°F concentra- 
f tions plotted against time since IV injection of 

'8F-deoxyglucose at time zero in a patient with 
o. sarcoidosis. Lung “F concentrations obtained 
oe es: by positron emission tomography (PET). 
‘ B, Data derived from A, where abscissa is 
area under plasma curve (cumulative) up to time 
t divided by plasma level at time t. Slope is 
proportional to metabolic rate for glucose. Nor- 
mal range shown. (Reprinted with permission 
from Hughes et al. [51].) 


Normal 


by Farde et al. [54] (dopamine receptors in the basal ganglia) 
and Syrota et al. [55] (muscarinic receptors in the heart). 
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MELVIN M. FIGLEY FELLOWSHIPS IN RADIOLOGY JOURNALISM 
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The American Roentgen Ray Society announces two one-month fellowships in radiology 
journalism in the La Jolla editorial office of the AJR. Board-certified radiologists with 
special academic promise are invited to apply. 


PURPOSE The purpose of the fellowship is (1) to stimulate 
bright young radiologists to continue with an aca- 
demic career, to accelerate their progress, and to 
stimulate their interest in good radiology journal- 
ism, and (2) to improve the quality of radiology 
journals by teaching the fundamentals of medical 
journalism to academicians, training manuscript 
reviewers and future editors, and providing core 
teachers of medical journalism in radiology de- 
partments around the country. 


CURRICULUM The fellows will be taught the fundamentals of 
medical writing, manuscript preparation, peer 
review, manuscript editing, the ethics of scientific 
journalism, and journal publication and printing in 
personal tutorials given by the AJR editors and 
editorial staff through hands-on experience in the 
editorial office. They will visit Williams & Wilkins 
in Baltimore to observe the publication and print- 
ing process. 


STIPEND The successful candidates will each be awarded 
$10,000, which includes the cost of travel to La 
Jolla and Baltimore, living expenses for the month, 
and an honorarium. 


APPLICATIONS Candidates should apply in writing to Robert N. 
Berk, M.D., Editor-in-Chief, AJR Editorial Office, 
2223 Avenida de la Playa, Suite 200, La Jolla, CA 
92037. The letter must include a curriculum vitae 
and a description of the candidate's goals during 
the fellowship. Letters of recommendation from 
his or her department chairman and one other 
senior person are required. Deadline for receipt 
of applications is Nov. 1, 1990. The successful 
candidates will be notified Dec. 1, 1990. 
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Perspective 





Radiology of the Cervical Spine in Trauma Patients: 
Practice Pitfalls and Recommendations for Improving 


Efficiency and Communication 


Robert M. Vandemark' 


Trauma constitutes a significant portion of emergency depart- 
ment practice. Such patients often have suspected cervical spine 
injury necessitating cervical spine radiographs. The importance 
of detecting cervical spine injury is obvious because failure to do 
so can lead to tragic consequences for patient and physician 
alike. Although most cervical spine radiographs are justified, 
poorly indicated and unnecessary examinations are unfortunately 
commonplace. Indiscriminate ordering of cervical spine exami- 
nations can easily exceed radiology resources assigned to the 
emergency department. Rational ordering practices are therefore 
essential for efficient patient management. A risk-tailored ap- 
proach to performing these examinations, which can improve 
efficiency, is presented. Once obtained, cervical spine radio- 
graphs are presumed to detect injury with consistently high 
sensitivity. Prevailing conditions of emergency department prac- 
tice that may lower the “sensitivity” of cervical spine radiographs 
are reviewed. Overreliance on the initial radiologic examination 
may lead to inappropriate haste in the evaluation of suspected 
cervical region injury as exemplified by the commonly voiced 
mandate to “clear the cervical spine” of injury. This approach is 
discouraged in patients with significant trauma in favor of a 
careful, progressive evaluation of the potentially injured cervical 
spine. Periodic review of these complex issues and close co- 
operation between clinical services are emphasized. 


Evaluation of the patient with suspected cervical spine 
injury remains a constant challenge for radiologists and emer- 


gency physicians alike. No single component of the trauma 
evaluation so consistently produces frustration, anxiety, and 
miscommunication. These problems are accentuated in cer- 
vical spine trauma because of the common association with 
permanent, severely disabling spinal cord injuries. Implicit in 
the trauma resuscitation is the need to protect the spinal cord 
from iatrogenic injury. 

In addressing these concerns, referring physicians rely 
heavily on cervical spine radiographs (CSR). This approach 
can lead to indiscriminate ordering practices, especially when 
radiographs are requested by protocol rather than with regard 
to the actual risk of injury in a particular patient. Unselective 
ordering practices can severely strain radiology resources 
allocated to the emergency department. Even when these 
examinations are successfully performed, problems of com- 
munication between radiologist and referring physician often 
emerge because of discordant expectations of the role of 
CSR in trauma. 


The Flood of Cervical Spine Requests: Cause and Effect 


In the past decade, the number of patients with suspected 
cervical spine injury has increased steadily, paralleled by a 
surge in demand for CSR. Factors fueling these trends include 
the increased frequency of traumatic injuries, improved phy- 
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sician education in the diagnosis of spine trauma, and the 
ever-present fear of misdiagnosis or mismanagement of these 
injuries. These trends only partly explain the increased num- 
ber of cervical spine examinations requested today. 

Perhaps the primary source of these examinations is the 
widespread use of spinal immobilization protocols by emer- 
gency medical service personnel at the accident scene. With- 
out question, these prehospital care protocols have prevented 
or minimized many serious spinal injuries. Nonetheless, as a 
consequence of this universal practice, the presence of a 
cervical spine collar carries little, if any, predictive value for 
the presence of a spinal injury. The index of suspicion for 
cervical spine injury has become so high that virtually all 
patients with blunt trauma or injuries above shoulder level will 
undergo CSR. From the treating physician's perspective, 
liberal indications for CSR seem justified by the costly medical 
and legal consequences of a missed spinal injury. 

One problem faced by the referring physician is that the 
majority of patients immobilized in a cervical collar, whether 
injured or not, volunteer some degree of neck discomfort, 
pain, or tenderness on physical examination. Once such 
symptoms are elicited, it becomes difficult to omit the radio- 
graphs because posttraumatic neck pain is the most widely 
accepted indication for CSR. Paradoxically, prolonged im- 
mobilization in a collar sometimes produces symptoms of 
neck pain that were not present when the collar was applied. 
The examining physician in this situation may be confused 
about the need for CSR, given the concomitant history of 
trauma and the patient’s complaint of neck discomfort. Logi- 
cally, one would assume that, in the neurologically normal 
patient, a careful physical examination of the neck might 
eliminate the need for radiographs. This incorrect assumption 
is an extrapolation from the observation that many extremity 
fractures can be anticipated by careful physical examination 
before obtaining radiographs. Unfortunately, physical exami- 
nation of the neck differs from that of the extremities in several 
important ways. First, the vertebral column is a well-protected 
structure, deep within the neck. Except for the neurologically 
insignificant spinous processes, it is not readily accessible to 
palpation. Second, unlike physical examination of a limb, 
motion of the neck during the examination is prohibited. 
Despite these drawbacks, physical examination of the neck 
should still be performed but has limited value in determining 
the need for CSR. These limitations were highlighted in a 
recent study that demonstrated that the ability of some refer- 
ring physicians to predict spinal injury on the basis of history 
or physical examination is poor, with only half of cervical 
injuries identified prospectively [1]. Acknowledging these 
problems, many physicians omit this important part of the 
trauma evaluation and rely almost exclusively on the radio- 
logic examination instead. 

Another reality of emergency department practice, which 
often goes unrecognized, is the pressure from patients them- 
selves to have radiographs taken. The patient may be merely 
seeking reassurance that their “X-rays are normal.” Some- 
times, however, the treating physician is coerced into ordering 
these radiographs by patients whose litigious nature surfaces 
during the emergency department evaluation. 
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Whether radiographs are indicated or not, the likelihood of 
patients eventually undergoing CSR is high, as noted by 
McNamara et al. [2] in a study of posttraumatic neck pain. 
These authors note that of patients who did not undergo CSR 
at their initial emergency department visit, 52% subsequently 
had radiographs taken within 6 months of their injury. In 
addition, 66% of patients were pursuing litigation. Undoubt- 
edly, some trauma patients legitimately suffer from chronic 
posttraumatic cervical pain, accounting for a portion of the 
delayed examinations. Recognizing these clinical and behav- 
ioral factors, some experienced referring physicians feel that 
a baseline cervical spine series is justified. 

As if there were not enough reasons for the clinician to 
request a cervical spine series, there is also the myth of the 
“painless” or asymptomatic cervical spine fracture, fostered 
in the literature by several disputed case reports [3-5]. The 
thoroughness or validity of the clinical examination has been 
challenged in most of these cases [6]. Typically, the patient's 
pain symptoms are not elicited or are ignored in the haste of 
resuscitation, blunted by altered mental status or masked by 
other, more painful, injuries [7]. Significant cervical spine 
injuries can be “occult,” escaping initial clinical and radiologic 
screening, but a truly painless injury in a mentally unimpaired 
patient has not been reported [8]. Despite doubts cast on 
these reports, the myth of the painless cervical spine injury 
still persists in some quarters as a justification for CSR. 

On the basis of these clinical and social factors, frequent 
use of CSR is unavoidable. A liberal approach to CSR should 
not, however, be construed as tolerance for indiscriminate 
use of the examination. CSR should be recognized as a 
necessary but low-yield examination, with less than 2% of 
cervical spine series in trauma patients revealing a potentially 
significant finding or definite abnormality. The impact of un- 
necessary or overly exhaustive cervical spine examinations 
on patient throughput in the emergency department should 
not be trivialized, and indiscriminate ordering practices must 
be prevented. Unfortunately, it is not unusual for some phy- 
sicians to adopt a “protocol” approach to trauma in which 
every patient, regardless of symptoms or mechanism of injury, 
undergoes CSR [9]. 

Another common source of unnecessary CSR occurs when 
inexperienced clinicians misconstrue the relationship between 
head injury and cervical spine injury. Although it is well doc- 
umented that patients with significant head injuries can have 
associated cervical spine injuries, this is not true in patients 
with normal mental status and minor head injury. In the 
majority of these patients, CSR, at least on clinical grounds, 
is not indicated. Experienced clinicians recognize this as a 
“no-risk” patient and do not order radiographs. 

Selective use of CSR in patients with head injuries is 
supported in the literature [10]. Even among trauma patients 
whose Clinical history suggests a genuine possibility of cervi- 
cal spine injury, it has been shown that CSR is usually 
unnecessary when an alert, mentally unimpaired, neurologi- 
cally intact patient denies neck pain [8, 11, 12]. Normal mental 
status implies absence of drug, alcohol, intoxicants, or psy- 
chiatric disturbance. Clearly, certain trauma patients do not 
require CSR, and protocol ordering should be discouraged. 
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Occasionally, such practices are detrimental to care of the 
patient when the treating physician's attention becomes fixed 
on the cervical spine evaluation rather than on life-threatening 
injuries, which are statistically more common in these pa- 
tients. 


Managing the Demand for CSR: A Risk-Tailored 
Approach 


Our approach to these complicated issues is based on an 
open dialogue with our referring physicians. Requesting phy- 
sicians are motivated to stratify each cervical spine trauma 
case by the perceived risk of significant cervical spine injury. 
We consider patients to fall into four possible risk categories 
for cervical spine injury: category 1, no risk; category 2, low 
risk; category 3, medium risk; category 4, high risk. 

General guidelines for assessment of a patient's risk and 
the characteristics of the high-risk patient are noted in Tables 
1 and 2. Appropriately trained and experienced physicians 
usually have little difficulty in estimating a patient's risk. In 
addition, knowledge of the physician's assessment of injury 
risk is very helpful to the radiologist reviewing the case and 
often alters his recommendation for additional or follow-up 
Studies. Assessment of risk can facilitate CSR because the 
Clinician is prospectively challenged to justify the allocation of 
radiology resources required for the examination. Patients 
Classified into low-, medium-, and high-risk groups undergo 


TABLE 1: Clinical Risk Categories in Cervical Trauma 


Clinical Risk Description 

None Collar placed owing to protocol: no historical 
or physical findings to suggest a neck in- 
jury 

Low Mechanism/history of injury unlikely to have 
exceeded physiologic range of motion 

Medium Mechanism/history of injury sufficient to 
have exceeded physiologic range of mo- 
tion 

High Mechanism/history of injury very likely to 
have exceeded physiologic range of mo- 
tion 


SEEE CR oa meta Se a ner ee ere ne ee TT 


TABLE 2: Clinical and Historical Characteristics of the High- 
Risk Patient 


. High-velocity blunt trauma 

. Significant motor vehicle accident 

. Direct cervical region injury 

. Altered mental status at the time of trauma and/or during emer- 
gency department evaluation (includes alcohol, drugs, intoxi- 
cants, loss of consciousness, and mental illness) 

. Falis/diving injuries 

. Significant head/facial injury 

. Abnormal neurologic examination 

. Prominent neck pain or tenderness 

. Thoracic or lumbar spine fracture 

. Rigid spine (ankylosing spondylitis, etc.) 


T GPO 


e 
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TABLE 3: Risk-Tailored Cervical Spine Radiologic Examination 
in Trauma Patients 


Approx. 
Duration 


sary 
Erect three-view series* 
Lateral 
Anteroposterior 
Odontoid 
Five-view supine-erect 
series 
Supine lateral (+ swirn- 
mers) 
Supine odontoid 
Supine anteroposterior 
Radiologist/clinician must 
approve 
Erect obliques 
Five-view supine-only se- 
ries 
Lateral (+ swimmers) 
Anteroposterior 
Odontoid 
Supine trauma 
obliques 
ST TT Ne ea ee I a Lae eee ETT EEAS EREE AO: POG RC cba ane EERS 
* The three-view examination can be performed with the patient supine when 
necessary. 


3 Medium 20 min 


4 High 230 min 


different radiologic examinations requiring different time com- 
mitments. 

As shown in Table 3, patients categorized in the low-risk 
group undergo a brief, erect, three-view examination, which 
takes approximately 10 min. Occasionally, the examination is 
performed with the patient supine when, for example, another 
injury prevents radiographs from being obtained with the 
patient sitting or standing. Placement of a cervical spine collar 
in the emergency department is discouraged in this group 
until the radiographs have been completed and reviewed. 
This improves the quality of radiographs, which are unaffected 
by collar-engendered artifacts. Even if a patient with medium 
or high risk were inadvertently classified as a low-risk patient, 
we consider a high-quality, three-view cervical spine series 
sufficient for a primary cervical spine evaluation. 

Patients with medium risk for cervical spine injury are 
generally classified by exclusion from either the low-risk or 
high-risk categories. Patients in the mediurn-risk category 
have a trauma history that suggests sufficient force to pro- 
duce a spine injury but high-risk features are absent. The 
advantage of placement in the medium-risk group is that 
these examinations, which begin with the patient supine, can 
be terminated with the patient sitting or erect. This decreases 
examination time and improves the diagnostic quality of the 
oblique radiographs, which, when obtained with the patient 
supine, show inherent geometric distortion. Again, even if a 
high-risk patient were inadvertently categorized into the me- 
dium-risk group, a review of the supine lateral radiographs by 
a physician, as noted in Table 3. should allow detection of 
significant cervical spine injury before any erect views are 
obtained. 
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Common Sources of Miscommunication 


The interpretation of the radiographs can lead to several 
areas of miscommunication between the radiologist and re- 
ferring physician. These problems involve the interrelated 
issues of accuracy, speed of diagnosis, and structural stability 
of the traumatized cervical spine. 


“Sensitivity” of CSR 


When CSRs are considered, two misconceptions are 
shared by many radiologists and referring physicians con- 
cerning the presumed high sensitivity of CSR for detection of 
injury. Both groups tend to forget the two major components 
of the examination that contribute to its capacity to detect 
injury: quality of radiographs and experience of the interpreter. 

With a complete trauma series of well-positioned and opti- 
mally exposed radiographs of the cervical spine, recognition 
of significant injuries is quite high, with a sensitivity of 95% 
under ideal conditions. Unfortunately, a complete, high-quality 
examination is frequently impractical or impossible to obtain 
because of time constraints imposed by other trauma priori- 
ties, lack of cooperation from patients, and physical limitations 
imposed by supine positioning of the patients. Significantly, 
those patients at highest risk of injury are most likely to have 
a technically compromised cervical spine examination. Inad- 
equate radiographs are a common source of misdiagnosis in 
cervical spine trauma, especially with regard to visualization 
of the cervicothoracic and atlantoaxial regions [13]. Single 
lateral portable radiographs of the spine have been shown to 
be inadequate in up to 25% of examinations [14]. Clearly 
then, compromised examinations, particularly in the high-risk 
groups, should be anticipated. Increasingly, CT has been used 
to overcome these problems and has improved fracture de- 
tection. Acheson et al. [15] note that approximately 53% of 
cervical spine fractures were missed on the initial trauma 
radiographs, but subsequently were detected on CT scans. 
Despite this observation, the authors support a near-perfect 
sensitivity for CSR in the detection of cervical spine injuries, 
because all patients in their series with fractures proved with 
CT had initially abnormal or suspicious trauma radiographs. 
Nevertheless, the retrospective nature of the study, a 63% 
false-positive rate, and a high degree of interpretive experi- 
ence are factors that generally do not prevail in the acute 
trauma setting. Missed cervical spine injury rates of 10-20% 
are probably more representative of the typical trauma setting, 
in which reliance on incomplete or technically compromised 
examinations is not uncommon. The propensity for certain 
cervical spine fractures to escape detection on radiographs 
was recently reported by Clark et al. [16], who found delayed 
radiologic diagnosis in 23% of odontoid, 16% of teardrop, 
14% of facet, and 10% of hangman's fractures. Decreased 
“sensitivity” of the initial trauma series should be expected 
when radiographs are suboptimal, with provisions made for 
repeated radiographs or additional studies when the patient's 
condition permits. 

Precisely how many films constitute a complete examina- 
tion varies widely. The three-view series is the minimum 
complete examination. Five views are desirable in medium- 
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and high-risk patients, although the value of supine oblique 
radiographs has recently been questioned [17]. As it is often 
difficult to obtain high-quality films, and the experience of the 
interpreter may be limited, the number of radiographs should 
not be overly restricted. 

The second component of sensitivity is the quality of the 
interpretation of radiographs. Many articles discussing sen- 
sitivity of CSR fail to clarify who has interpreted the cervical 
spine radiographs. Studies advocating a high sensitivity for 
this examination have used attending radiologists or experi- 
enced traumatologists. This high degree of interpretive ex- 
perience rarely exists in the majority of hospitals, especially 
during peaks in trauma caseloads. This may explain the 
experience of Reid et al. [18], who noted that 8% of cervical 
spine injuries were missed on initial review of adequate radio- 
graphs. Notably, one third of injuries missed because of 
inadequate clinical evaluation or misinterpretation of radio- 
graphs occurred in a tertiary care hospital. The majority of 
reviewing physicians probably do not have sufficient training 
or experience with these injuries to attain a desirable 95% 
sensitivity. Furthermore, the emergency department is a tra- 
ditional training ground for most physicians, including radiol- 
ogists, emergency physicians, and general surgeons. Under 
such circumstances, caution is advised in attributing high 
sensitivity to examinations interpreted at this level of experi- 
ence. Less than ideal circumstances may explain Bohiman’s 
observation that fully one third of 300 cervical spine injuries 
escaped initial clinical and/or radiologic detection [19]. Close 
supervision of house officers in training, regardless of spe- 
cialty, and review of all trauma cases by a radiologist is 
essential in maximizing sensitivity. 


Clearing the C-Spine 


Probably the most frustrating aspect of cervical spine 
trauma for both the treating physician and the radiologist is 
the differing expectations these physicians may have con- 
cerning the role of the radiographs in the management of the 
patient. 

Perhaps the most detrimental concept to have evolved is 
the imperative to radiologically “clear the c-spine.” The radiol- 
ogist is often uncomfortable responding to this directive with 
a “yes” or “no” response. This concern is justified, because 
most physicians lack a firm understanding of the term. In its 
most common (but incorrect) usage, “clearing the spine” is 
taken to mean that if no abnormality is identified on the 
radiographs then the patient is free of cervical spine injury. In 
this syntax, “cleared c-spine” means a “normal c-spine.” This 
definition is seriously flawed by its presumption of 100% 
sensitivity for CSR in the detection of injury. Reliance on a 
perfect sensitivity for any screening examination is unwise. In 
addition, even if we assume an optimistic 95% sensitivity, 
most physicians would not be comfortable with a missed 
injury (false-negative) rate of 5%. Therefore, CSR cannot be 
considered the gold standard for cervical spine injury. 

Physicians who function under the illusion that a normal 
cervical spine series has eliminated cervical region injury are 
likely to miss significant injuries. As shown in Figure 1, pa- 
tients can have serious cervical region injuries without obvious 
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evidence of fracture or subluxation on the cervical spine 
radiographs. In addition to soft-tissue injuries, frequently in- 
apparent on the radiographs, some fractures and destabilizing 
ligamentous injuries can elude detection on a routine trauma 
survey. Delayed detection of spinal injuries is not uncommon 
and should not be surprising [19]. Cervical spine examinations 
that are precipitously “cleared” may later turn up significant 
injuries that were either overlooked or incompletely visualized 
in the initial trauma survey. Figures 2 and 3 show two unstable 
injuries that might have been erroneously cleared on the basis 
of a single lateral radiograph. 

A minority of experienced trauma physicians use the 
expression “clear the c-spine” in a more limited and cautious 
context. In this definition, the cervical spine radiographs are 










Unstable 
Ligamentous 
Injuries 
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Neurologic & Other 
Non-ligamentous 
Soft Tissue 
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Fig. 1.—Spectrum of cervical spine injuries: any cervical injury can be 
ascribed to one or more injury subsets a, b, or c. Cross-hatched zone is 
exemplified by a fracture-dislocation with quadriplegia. Radiographs are 
sensitive to detection of most injuries in subset b, many in a, but few inc 
(e.g., traumatic disk herniation or anterior and central spinal cord syn- 
dromes). 
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evaluated primarily for the purpose of detecting unstable 
cervical spine injury. Careful examination of one lateral cervi- 
cal spine radiograph alone can eliminate the presence of 
unstable cervical spine injuries in a high percentage of cases. 
It should be emphasized that in this context, a spine could be 
Classified as stable but any number of soft-tissue or bone 
injuries could be present. 

Rapid evaluation of the trauma radiographs for obvious 
signs of unstable injury is important to the trauma physician 
for patient management. Should neck motion be necessitated 
by endotracheal intubation, no neurologic sequelae would be 
expected in the patient with a stable cervical spine. In the 
initial trauma resuscitation, this limited goal of CSR is usually 
sufficient for patient management. Prudence dictates that 
even when a spine is thought to be stable on the basis of the 
initial radiologic evaluation, unnecessary manipulation of the 
neck should be avoided. The exclusion of injuries that would 
be considered stable is a low priority and can be postponed 
until the patient’s condition allows a more definitive clinical 
and radiologic examination of the spine. Although clearing the 
c-spine in this more limited context is a valid approach, the 
use of the term “clear” as a verb inappropriately promotes 
the concept that the initial trauma radiographs can be ex- 
pected to eliminate all unstable and stable cervical spine 
injuries. To avoid miscommunication, radiologists and trauma 
physicians in each institution should come to a common 
understanding of the usage of these terms. 

Reliable communication of CSR results is vital because 
tracheal/esophageal intubation and many routine aspects of 
patient care can involve motion of the neck. Physicians, 
nurses, technologists, and other care providers must have an 
unambiguous report of the status of the trauma patient's 
spine, which encompasses the results of CSR and clinical 
findings or concerns. An incomplete series of radiographs is 
especially problematic for care providers and is not unusual 
in medium- and high-risk patients when other pressing trauma 
priorities do not allow sufficient time for a definitive evaluation. 





Fig. 2.—Case 1. 45-year-old man with neck pain after a motor vehicle accident. 

A, Initial lateral radiograph, in a neurologically normal trauma patient, shows prevertebral soft-tissue swelling only. 

B, A second exposure with improved positioning of patient shows unusual lucency through craniocervical junction but no fracture. 
C, Lateral tomogram verified an unstable ligamentous injury; vertical atlantooccipital dislocation. 
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Fig. 3.—Neurologically intact 18-year-old man 
with neck pain after a motorcycle accident. 

A, Single lateral radiograph shows preverte- 
bral soft-tissue swelling but no unstable injury. 

B, Odontoid view from complete five-view su- 
pine series is deceptively normal with exception 
of a vague zone of lucency at base of dens. 

C and D, Anteroposterior and sagittal refor- 
matted CT scans show an oblique undisplaced 
odontoid fracture. 





This may require secondary radiologic examinations such as 
conventional tomography or CT, flexion-extension views, CT- 
myelography, or MR imaging. A rating system that plainly 
communicates the status of the cervical spine evaluation 
based on initial CSR is suggested. CSR “A” is an adequate 
examination with no evidence of instability, fracture, or soft- 
tissue injury. CSR “B” is a bothersome finding on radiographs 
that requires repeated CSR, flexion-extension views, or a 
secondary examination. CSR “C” is a compromised or tech- 
nically inadequate examination that must be repeated. CSR 
“D” is a definite injury with fracture and/or instability detected 
by CSR. The rating of radiographs is sometimes overruled by 
clinical concerns or findings. For example, a patient could 
have a CSR rating of “A” and yet have a neurologic finding 
that requires further evaluation. Another patient with suspi- 
cious findings on radiographs (CSR “B”) might be clinically 
asymptomatic. Likewise, patients with high-risk characteris- 
tics may require secondary examinations despite apparently 
normal findings on initial CSR. The importance of clinical 
parameters in the interpretation of initial CSR should not be 
underestimated. 


Stability /Instability 


Referring physicians often expect the radiologist to render 
an opinion about the stability of a detected injury on the basis 
of his examination of the trauma radiographs. The radiologist 
is sometimes appropriately uncomfortable in rendering this 
opinion on the basis of routine trauma radiographs alone. As 
no universally accepted definition of cervical spine stability 
exists, misunderstanding and miscommunication often result. 

White et al. [20] have proposed a definition of cervical spine 
instability. Their approach is by no means complete or entirely 
satisfactory for the radiologic analysis of instability. However, 
it is based on sound biomechanical research and provides a 
starting place for this analysis. According to these authors, a 
clinically unstable spine, subjected to physiologic loads, is 
unable to maintain normal anatomic relations between spinal 
segments so that current (or subsequent) spinal cord, nerve 
root, or painful spine deformity results [20]. For practical 
purposes, an unstable cervical spine injury is considered 
present if critical aspects of structural integrity of the spine 
have been compromised, so that a neurologic injury could 
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occur if the cervical spine moved through a normal range of 
motion. 

As there is no universally accepted definition of instability, 
designation of a particular injury as unstable can vary among 
different authors. Harris [21] has presented a concise, but 
nonexclusive list of injuries that can be recognized as unstable 
on routine CSR. Injuries defined as unstable include: bilateral 
interfacetal dislocation, flexion teardrop fracture, extension 
teardrop fracture (unstable in extension), hangman's fracture, 
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Fig. 4.—Bone and soft-tissue structures responsible for spinal Stability. 
White et al. [20] suggest that for a margin of clinical safety, an unstable 
injury is considered present when there is structural failure of either 
anterior or posterior spinal elements. 


Fig. 5.—Neurologically intact 45-year-old man 
after a motor vehicle accident. 

A, Radiograph of supine patient shows 
marked prevertebral soft-tissue swelling but no 
unstable injury. Predental space is 3 mm, upper 
limit of normal. 

B, A subsequent flexion maneuver revealed 
an unstable, traumatic atlantoaxial subluxation. 
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Jefferson fracture, and hyperextension fracture-dislocation. 
When such patterns are not obvious, White et al. [20] have 
identified several findings on radiographs that, in combination, 
strongly suggest instability: loss of anterior structural integrity, 
loss of posterior structural integrity, subluxation greater than 
3.5 mm, kyphosis greater than 11 degrees, and traumatic 
disk space widening or narrowing. The anterior and posterior 
Structures responsible for stability of the cervical spine are 
depicted in Figure 4. Although kyphosis and subluxation are 
usually obvious, traumatic loss of anterior or posterior binding 
elements may be difficult to assess on radiographs. Never- 
theless, this approach is valuable when no obvious instability 
pattern is recognized on radiographs. Although less specific, 
when the findings on cervical spine radiographs are apparently 
normal, the presence of a neurologic deficit, unusual degree 
of neck pain, or marked prevertebral soft-tissue swelling 
should alert the radiologist to the possibility of an occult, 
unstable injury. Caution is advised in these patients until a 
thorough evaluation of the cervical spine can be accom- 
plished. 

Stating with confidence that a structure such as the cervical 
spine is stable often requires a two-phase analysis with both 
Static and dynamic testing. Sometimes the initial supine 
trauma examination will detect obvious signs of unstable 
cervical spine injury. For practical use and patients’ safety, 
we would consider identification of any of the criteria noted 
above as suspicious for unstable cervical spine injury, so that 
spinal consultation is obtained. Based on this consultation, 
further imaging, including flexion-extension views, can be 
performed to make a final determination. 

Occasionally, when the findings on supine cervical exami- 
nation appear normal, it may be necessary in high-risk or 
symptomatic patients to proceed to a dynamic flexion-exten- 
sion series for a definitive assessment of stability. In our 
institution, the need for and timing of flexion-extension ex- 
aminations are based on consultation between the spine 
consultant and the radiologist. For patients who are being 
discharged from the emergency department with a cervical 
collar, we favor a delayed flexion-extension examination in 10 
to 14 days, because of the inability of many patients with 
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acute symptoms to perform flexion-extension maneuvers Sat- 
isfactorily. For high-risk patients, an erect flexion-extension 
series is almost always impossible or impractical to perform 
in multisystem trauma patients. Under rare circumstances, 
the spinal consultant and radiologist may jointly perform a 
fluoroscopically monitored flexion-extension examination of 
the cervical spine. 

Clearly, certain unstable injury patterns can be recognized 
on static supine radiographs, whereas others may not be- 
come apparent until repeated radiographs are obtained with 
physiologic loading, as in erect flexion-extension films. Figure 
5 demonstrates this principle. 

Physicians must appreciate the limitations of a purely static 
supine cervical spine evaluation in trauma. The expectation 
that the radiologist can exclude unstable cervical spine injury 
in all cases, without benefit of a dynamic examination, is 
erroneous. 


Conclusions 


Radiologists must be knowledgeable in the complex medi- 
cal and social issues that surround the subject of cervical 
spine trauma. Referring physicians are subject to multiple 
forces that favor liberal use of cervical spine radiographs and 
heavy reliance on the interpretation of radiographs. It is un- 
likely that this trend will be reversed in the near future; 
therefore, steps must be taken to accommodate the increased 
demand for these studies. A risk-tailored approach to CSR, 
which can improve efficiency in performance of these studies 
by expediting the examination of medium- and low-risk pa- 
tients and encouraging the elimination of radiographs in no- 
risk patients, is suggested. The role of CSR in the clinical 
management of medium- and high-risk trauma patients is 
particularly liable to lead to misunderstandings. Improved 
communication and insight into the limitation of the initial 
trauma radiographs in these patients will ameliorate much of 
the problem. In patients with significant risk of injury, a staged 
evaluation, which may include repeated radiographs or sec- 
ondary examinations, is appropriate and will minimize delayed 
detection or misdiagnosis of these injuries. Finally, clinical 
parameters are extremely important in guiding our evaluation 
of cervical spine trauma and highlight the need for frequent 
consultation between radiologist and spine injury consultant. 
A team approach, which involves radiology and the clinical 
services in a periodic review of these complex issues, is the 
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best approach in caring for patients with suspected cervical 
spine injury. 
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Liver Tumor Imaging: Current Concepts 


Joseph T. Ferrucci’ 


With the increasing availability of curative surgical techniques 
for primary and secondary hepatic neoplasms, the tasks for 
clinical imaging of patients suspected of having liver cancer have 
become more exacting. Detection of tumor, differential diagnosis 
of individual nodules, and mapping the anatomic extensions of 
malignant disease are now required routinely. Related and unre- 
lated liver substrate abnormalities such as cavernous heman- 
gioma and focal fatty deposits are often discovered in these 
patients and must be differentiated from metastatic deposits. 
Moreover, modern imaging methods frequently display tiny nod- 
ules (<1 cm) that often prove difficult to adequately characterize 
(micrometastases vs other kinds of lesions). 

The most sensitive imaging techniques are CT after arterial 
portography and intraoperative sonography, but because of their 
invasiveness, these are reserved exclusively for cancer staging. 
For primary screening, MR imaging is increasingly preferred over 
CT because of its superiority in discriminating hemangiomas and 
cysts from metastases without the need for iodinated contrast 
material. 


What issues will interest radiologists dealing with suspected 
liver tumor patients during the next decade? How will emerg- 
ing new imaging technologies affect overall accuracy of radio- 
logic diagnosis? Which techniques will flourish? Which will 
fade? What pathologic-radiologic insights will evolve? The 
answer will come, at least in part, from ongoing developments 
in several different areas. 

First, recent advances in CT, sonography, and MR imaging 
have vastly improved assessment of liver neoplasms just as 
they have benefited detection of abnormalities in other organs. 
Liver tumor nodules are now routinely discovered at small 
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size thresholds (millimeters), and in most cases, mass lesions 
can be characterized with high reliability. 

Second, hepatic surgeons now view the patient with pri- 
mary liver cancer or metastases from colorectal carcinoma as 
a possible long-term survivor rather than as an end-stage 
victim. In such cases, precise anatomic descriptions are re- 
quired of the number and segmental locations of neoplastic 
deposits. Hence, radiologic staging of malignant hepatic tu- 
mors has become a common clinical task. 

Third, commercial manufacturers from the United States, 
Europe, and Asia are introducing prototype imaging tech- 
niques and contrast agents with exceptional potential for liver 
applications. New CT and MR imaging systems can gather 
data in less than 1 sec, display regional organ perfusion, and 
provide images formatted in multiple planes. Novel pharma- 
ceuticals specifically targeted both to the hepatic reticuloen- 
dothelial system and to biliary excretion functions provide 
order-of-magnitude increases in tissue-tumor contrast. 

The power and commitment of resources that is exemplified 
by these technical and clinical developments ensures major 
further advances in clinical imaging of patients with suspected 
liver cancer. This article offers an overview and personal 
reflections on some of these trends. 


Clinical Considerations 


Surgical Advances 


In 1989, it was estimated that nearly 150,000 new cases 
of colorectal carcinoma would be diagnosed in the United 
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States that year [1]. Of these, some 40% or 60,000 patients 
would ultimately prove to have liver metastases. Worldwide, 
primary hepatocellular carcinoma (HCC) is an endemic disor- 
der in many underdeveloped countries; in Southeast Asia and 
sub-Saharan Africa, HCC accounts for one-third of all malig- 
nant neoplasms. Considered globally, primary and secondary 
liver cancers affect literally millions of persons each year. 
Among the most significant therapeutic advances in the 
management of HCC and colorectal liver metastases is the 
continued evolution of aggressive surgical techniques [2-7]. 
Techniques for bloodless dissection through the hepatic pa- 
renchyma have diminished operative morbidity and mortality, 
and serial carcinoembryonic antigen assays can lead to the 
discovery of silent deposits before they grow too large to 
resect [4, 5]. It is now estimated that as many as one-fourth 
of all primary and secondary liver cancers are potentially 
resectable for cure. In the United States alone, approximately 
7000 patients a year with colorectal liver metastases are 
estimated to be potential candidates for hepatic resection [4, 
5]. When resections have been carried out in patients with 
three or fewer colonic metastases, 20-40% 5-year survival 
rates have been obtained in both single-institution and coop- 
erative studies [2, 4]. Similar favorable results have also been 
recorded with metastases from visceral sarcomas and endo- 
crine tumors. Moreover, innovative nonoperative techniques 
for local tumor ablation such as intraoperative cryosurgery, 
transarterial chemoembolotherapy, and fine-needle intralesion 
alcohol sclerosis may improve these results further [6]. 


The Hepatic Substrate 


Radiologic assessment of patients suspected of having liver 
tumor commonly is complicated by the coexistence of other 
abnormalities in the substrate of the liver parenchyma. These 
may be focal or diffuse, neoplastic or metabolic, and related 
or unrelated to the neoplasm being evaluated. 
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Cavernous hemangiomas are so often displayed on T2- 
weighted MR images as 5- to 10-mm bright dots that they 
become a serious confounding nuisance to Clinical interpre- 
tation (Fig. 1). Their prevalence has been traditionally esti- 
mated at 5-7%. However, a recent Finnish study of medico- 
legal autopsies in 95 men found cavernous hemangiomas in 
20% of subjects, although their mean size was less than 1.0 
cm [8]. They are often multiple and may of course coexist 
with metastatic deposits. Thus, when multiple discrete 
masses occur, each must be characterized individually. More- 
over, hemangiomas have been demonstrated to enlarge with 
time, and often develop a central fibrocollagenous scar when 
larger than 5.0 cm in diameter, which may give atypical 
hypovascular filling patterns on CT, radionuclide blood-pool 
scanning, and angiography [9-11]. 

Fatty metamorphosis of the liver appears commonly during 
the course of malignant disease and may occur as diffuse 
change or focal deposits. Both patterns cause diagnostic 
problems and often require correlation of several imaging 
techniques to resolve. Diffuse fatty liver lowers the attenuation 
of normal hepatic parenchyma on CT and may cause met- 
astatic deposits to appear isodense and thus obscured. Al- 
ternatively, focal areas of normal liver may be spared of fat 
and retain their normal higher CT density and thus simulate 
metastatic deposits. In both cases normal or hyperechoic 
texture on sonography and normal photon distribution on 
sulfur colloid scintigraphy are usually diagnostic. Focal depos- 
its of fat also may appear as sharply defined low-density 
areas simulating metastases on CT (Fig. 2). These can enlarge 
on serial scans simulating disease progression. Focal fatty 
deposits usually display geographic wedge or pyramidal 
shapes on CT and leave vessels intact, but again typical 
echogenic areas on sonograms and normal scintigraphic find- 
ings are confirmatory [12]. 

Liver fat has not been a major interpretative problem on 
MR because conventional spin-echo sequences are relatively 
insensitive to intrahepatic fat content. However, chemical- 


Fig. 1.—Incidental hemangiomas? Heavily T2- 
weighted MR images of the liver at adjacent 
levels show five nodules smaller than 1 cm in an 
adult patient undergoing pretreatment evalua- 
tion for lung cancer. Signal brightness is sugges- 
tive of hemangiomas (or benign cysts), but le- 
sions are too small to characterize further with 
other imaging techniques or percutaneous 
needle biopsy. Management of these millimeter- 
size “nuisance nodules” is effectively limited to 
interval follow-up scans. 
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Fig. 2.—Focal fat in a patient undergoing 
chemotherapy for breast cancer. 

A, CT scans show multiple discrete low-atten- 
uation areas. Occasionally these can simulate 
metastatic deposits. In this case, geometric 
wedge shape and peripheral location are 
strongly suggestive of fat. 

B, Sonograms show hyperechoic zones con- 
firming focal fat. 
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shift proton spectroscopic imaging sequences are highly sen- 
sitive to fat-water proton differences, and so-called phase- 
contrast techniques show both high contrast between tumor 
(bright) and fatty liver (dark), giving high cancer detection 
rates [13]. Moreover, in occasional cases in which focal fat 
deposits are suggested by short T1 bright signal areas, the 
presence of fat can be confirmed as the area becomes dark 
on a chemical-shift sequence [13]. 

Regenerating nodules occurring in hepatic cirrhosis may be 
difficult to differentiate from early or “minimal” hepatocellular 
carcinoma. They are usually small, 1-2 cm in diameter, mul- 
tiple, and appear hypoechoic on sonography and of high 
density on CT. Itai et al. [14] found regenerating nodules 
particularly often on MR in the form of numerous low-intensity 
areas on T2-weighted images, even when both sonographic 
and CT findings were normal. They were readily differentiated 
from hepatomas, which consistently appeared with high signal 
intensity. Recent pathologic studies of resected specimens 
have shown hemosiderin deposits in these nodules, which 
are believed to account for the low MR signal because of 
magnetic susceptibility effects [15]. 


Tasks of Liver Imaging 


Imaging evaluation of liver cancer should be recognized as 
having several Clinically distinct tasks. These are (1) global 


patient detection: Does the liver contain tumor deposits? (2) 
individual lesion detection: How many lesions are there? (3) 
individual lesion characterization: What is the nature of the 
masses seen? and (4) staging for question of resectability: If 
cancerous, is the disease treatable by local measures? 

In clinical practice, these functions are rarely confused, 
although they may not necessarily be performed in every 
case. In certain instances, a decision as to global status of 
the patient (cancerous liver or not?) suffices; in others, more 
detailed lesion-by-lesion analysis is sought. Seltzer and Hol- 
man [16] have thoughtfully discussed the increasingly impor- 
tant distinctions between global diagnosis and lesion-by-le- 
sion diagnosis when comparing techniques. For example, 
hepatic imaging for staging breast cancer is quickly concluded 
when a typical positive scan is obtained, whereas patients 
with colorectal carcinoma often require more thorough as- 
sessment and differential diagnosis of individual lesions be- 
cause of the possibility of curative surgical extirpation. 

However, research publications on liver imaging sometimes 
blur these sequential tasks. Emphasis has often been directed 
toward the performance of a technique in terms of sensitivity 
for lesion detection, with all lesions displayed assumed to be 
cancerous. The magnitude and significance of the overlap 
error with incidental benign cysts and hemangiomas is rarely 
addressed. This will become a more widely recognized issue 
in the future. 
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Screening and Staging 


In a 1983 review of hepatic metastasectomy for colonic 
cancer, Marvin Adson [7], the pioneering liver surgeon from 
the Mayo Clinic, noted that among the major factors limiting 
success of surgical approaches was inadequate staging by 
radiologic imaging techniques. Failures occurred both be- 
cause small lesions went undetected and because operative 
excision sometimes removed more tissue than was neces- 
sary. In the ensuing decade, fundamental advances in imaging 
technology have greatly improved the diagnosis of liver can- 
cer, largely answering Adson’s lament. In addition, even for 
patients with unresectable disease, more accurate assess- 
ments of tumor burden have improved efforts to monitor 
response to treatment. 


Anatomy 


Radiologic staging of liver cancer, either primary or met- 
astatic, defines (1) extent and location of intrahepatic disease, 
(2) involvement of surgically critical areas (porta hepatis, 
inferior vena cava, major bile ducts), and (3) presence of 
extrahepatic disease. In institutions where curative hepatic 
resections or other percutaneous locoregional cancer therapy 
are available, staging assessments tend to become an auto- 
matic feature of most routine CT and MR interpretations. 

The critical surgical anatomy of the liver is based not on 
external attachments or lobar landmarks but on the internal 
vascular skeleton of the liver [3-5]. The French surgical 
anatomists Couinaud [17] and Bismuth [18] popularized an 
eight-segment partition based principally on the position of 
the three major hepatic veins (right, middle, left) (Fig. 3). From 
these somewhat imaginary boundaries, simple and extended 
multisegmental resections can be fashioned, removing up to 
80% of liver parenchyma [2-7]. Thus, in colorectal metas- 
tases, curative resections are feasible for up to four deposits 
provided they can be encompassed in a contiguous (multi- 
segmental) en bloc excision (Fig. 4). Whenever possible, 
subsegmental or wedge excisions are used, even though liver 
parenchyma possesses considerable regenerative potential. 
By the same token, tumors located centrally with involvement 
of the portal vein or inferior vena cava are less likely to be 
resectable (Fig. 5). 

Further, there is the concept of “surgical” vs “medical” 
categories for therapy of liver metastases [3]. This refers to 
the likelihood that hepatic secondary deposits from certain 
primary tumors such as adenocarcinoma of the colon and 
visceral sarcomas are often few in number, discretely margin- 
ated, and might be amenable to local surgical resection or 
other extirpative procedures, whereas metastases from pri- 
mary sites such as the breast and pancreas are more often 
widespread throughout the liver and therefore are generally 
amenable only to medical management (Fig. 6). In the latter 
group of patients, the only requirement of imaging in order to 
make treatment decisions is often a simple binary “liver- 
positive” or “liver-normal” choice. 
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Imaging Techniques 


At present, some of the historical controversy about which 
of the many available techniques to use in what circumstance 
is abating. Table 1 shows the various techniques grouped 
according to their current roles in liver tumor imaging (i.e., 
screening, staging, and special situations). 

Imaging techniques for screening generally must be nonin- 
vasive and quickly performed, show high sensitivity for lesion 
detection at low size thresholds, and have high accuracy in 
differentiating incidental benign masses from malignant neo- 
plasms. Both CT and MR fulfill these criteria, provided that 
optimal examination techniques are used. Although CT has 
been the acknowledged gold standard for liver tumor imaging, 
it must be performed with dynamic incremental bolus tech- 
niques to achieve superior results [19, 20]. For MR imaging, 
both heavily T1- and T2-weighted sequences are required to 
ensure high detection rates and accurate tissue characteriza- 
tion [21, 22]. Motion suppression techniques are generally 
required as well. 

Conventional sonography often discloses hepatic tumor 
nodules during upper abdominal scanning for abdominal pain, 
palpable mass, or jaundice. However, sonography’s overall 
false-negative rate for liver metastases exceeds 50%, images 
are not easily reproducible for comparative purposes, and 
differential diagnosis between benign and malignant nodules 
is often impossible. Thus, sonography is rarely used as a 
primary screening or surveillance technique in centers where 
CT and MR imaging are available. 

Imaging the liver for the purpose of tumor staging involves 
more detailed delineation of the anatomic relation of neoplas- 
tic deposits to segmental anatomy and to critical anatomic 








a 





Fig. 3.—Segmental surgical anatomy of liver according to French anat- 
omists Couinaud [17] and Bismuth [18]. Eight segments are conceptualized 
in relation to three major hepatic veins and are numbered in counterclock- 
wise fashion with roman numerals. (Reprinted with permission from Bis- 
muth [18].) 
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Fig. 4.—Dynamic bolus-enhanced CT scan 
shows metastases from colonic carcinoma con- 
sidered unresectable because of number (five) 
and distribution in noncontiguous segments. 


Fig. 5.—T1-weighted MR image shows soli- 
tary metastasis from colonic carcinoma consid- 
ered unresectable because of central location 
relative to middle and right hepatic veins and 
inferior vena cava. Central necrosis also is evi- 
dent. 


Fig. 6.—Surgical vs medical metastatic dis- 
ease. 

A, Surgical deposit. T1-weighted MR image 
shows solitary discrete secondary deposit in 
area of segment VIII. Lesion was excised. 

B, Medical deposits. T1-weighted MR image 
shows innumerable foci of metastatic disease 
from primary tumor in breast. Hormonal therapy 
was used. 


A 


TABLE 1: Role of Imaging Techniques in the Assessment of 
Liver Tumors 





Role/Technique(s) 
Screening 
CT or MR imaging or both 
Staging 


CT with arterial portography, or intraoperative sonography 
Special situations 

Radionuclide scintigraphy 

Hepatic angiography 
eS 


Structures such as portal and hepatic veins, inferior vena 
cava, and major bile ducts. Obtaining this degree of anatomic 
information frequently requires the greater detail given by CT 
during arterial portography (CTAP) or intraoperative sonog- 
raphy. The likelihood of obtaining tumor-free margins and the 
relative risks of anatomic right- and left-lobe resection, seg- 
mental resection, or multisegmentectomy can thus be 
weighed. On occasion, good-quality MR images may provide 
sufficient information to make specific management decisions 
concerning surgical approaches. The principal question, how- 
ever, is whether an apparently free segment of the right or 





LIVER TUMOR IMAGING 477 


left lobe is in fact uninvolved, permitting the obviously involved 
segments to be excised. 

Scintigraphy and hepatic angiography now play only limited 
specialized roles. Scintigraphy is used occasionally to facili- 
tate differential diagnosis of problematic suspected primary 
liver tumors. Hepatic angiography is generally reserved for 
problem cases in which the differential diagnosis remains in 
doubt or in patients in whom documentation of arterial anat- 
omy is required for preoperative mapping of the vascular 


supply. 


Invasiveness vs Sensitivity 


Clinical comparisons of imaging techniques must consider 
the degree of invasiveness. Intuitively, the most sensitive 
tests for detecting liver lesions are often the most invasive. A 
screening test applied to large populations, many of whom 
will have no disease, must be a less hazardous study than 
might be used for detailed anatomic tumor mapping before 
hepatic resection. The two principal techniques used for 
staging, CTAP and intraoperative sonography, give high le- 
sion detection rates but do involve some risk. 
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CTAP requires superior mesenteric artery catheterization 
for administration of contrast material immediately before CT 
scanning [22-24]. Intense hepatic staining resulting from the 
high dose of iodine delivered directly to the liver and the 
recording of the highly sensitive CT attenuation values during 
the portal phase provide an extremely accurate method for 
detecting small liver deposits. With CTAP, Matsui et al. [23] 
found 10 of 18 individual colon metastases smaller than 15 
mm that were not shown with CT, sonography, or angiogra- 
phy (Fig. 7). Heiken et al. [24] showed more than twice as 
many metastatic deposits with CTAP (81% detected) than 
with standard CT (38% detected). Similar results were re- 
corded by Nelson et al. [25]. The technique is therefore 
particularly useful to clear apparently “uninvolved” segments 
of the liver on screening CT or MR before surgical resection 
of obvious disease. Unfortunately, CTAP is marred by a high 
false-positive rate caused by laminar flow perfusion defects 
in up to 30-40% of cases [26-28]. However, they usually 
can be recognized by a typical wedgelike shape and peripheral 
location. Moreover, the ability of CTAP to provide differential 
diagnostic information on newly discovered small nodules is 
uncertain. 

Intraoperative sonography is an alternative method for stag- 
ing that gives superb high-resolution images of liver nodules 
smaller than 1.0 cm that may not be palpable to the operating 
surgeon's fingers (Fig. 8). The technique requires excellent 
cooperation between the surgeon and sonographer but pro- 
longs the intraoperative manipulation. Estimates of the utility 
of the procedure vary greatly among operators in different 
institutions [29,30]. We agree with the general assessment 
of Sugarbaker [5] that when there is high-quality preoperative 
imaging, the results of intraoperative sonography tend to be 
less critical. 


Lesion Threshold: The Subcentimeter Nodule 


An integral related issue is the question of the threshold 
size for the ability to both detect and discriminate the nature 
of liver mass lesions. Until recently, demonstration of met- 
astatic lesions 1.0 cm in diameter was the best that could be 
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expected with conventional CT, and 30-50% of individual 
lesions went undetected [23-25]. Now, high-quality MR tech- 
niques frequently display nodules, both benign and malignant, 
that are smaller than 1 cm, accounting for the greater sensi- 
tivity in lesion detection reported from several centers [21, 
31-33]. Moreover, in several series CTAP has outperformed 
conventional CT and MR by an order of magnitude for detec- 
tion of lesions less than 1.0 cm [23-25, 30]. 

This higher sensitivity for detection of nodules smaller than 
1.0 cm has created the new and daunting problem of char- 
acterizing lesions that are usually too small to exhibit distinc- 
tive morphologic features. In fact, few authors have ad- 
dressed the performance of any technique at distinguishing 
the nature of these tiny nodules (Fig. 9). In the only specific 
study of this problem to date, Brick et al. [34], using conven- 
tional CT, were unable to differentiate benign hepatic cysts 
from solid metastases accurately at the 1.0-cm level because 
of partial-volume effects. The ultimate solution to assessing 
the nature of the millimeter-size “dot” now so commonly seen 
on CT scans or MR images of the liver remains to be found. 
For the present, only interval follow-up serial scanning is 
practical. 


CT vs MR 


Several general comments are warranted on the CT vs MR 
issue. Opinions on the comparative merits of CT and MR for 
liver tumor imaging have spanned the full spectrum. Thus, 
various reports have concluded that CT remains the gold 
standard [35], that the results of the two methods are com- 
parable [36-38], and that MR already supercedes CT [21, 
31-33]. Experienced observers also recognize that the type 
of CT and MR equipment available, scanning methods used, 
and special expertise of the professionals involved greatly 
influence outcomes and undoubtedly account for the diver- 
gent results [39]. Moreover, multicenter clinical trials are often 
disappointing because grouped results often dilute the best 
efforts, and the usual long duration of such studies tends to 
lag technologic and interpretive refinements. It is also useful 
to acknowledge that a single liver imaging study may not yield 


Fig. 7.—High sensitivity of CT during arterial 
portography for lesion detection. 

A, Screening T1-weighted MR image shows 
apparently solitary metastatic deposit replacing 
lateral portion of left lobe. No other lesions are 
apparent. 

B, CT during arterial portography shows sin- 
gle additional 0.6-cm deposit in peripheral por- 
tion of right lobe (arrow). Surgical excision 
showed a malignant focus (micrometastasis). 
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Fig. 8.—Intraoperative sonography. Image of 
left hepatic lobe shows 1.0-cm metastatic nodule 
(arrow) above left hepatic vein. Lesion was not 
evident on preoperative imaging and was not 
palpable to surgeon. However, in this case, iden- 
tification of this specific nodule did not alter 
extent of planned excision. 


Fig. 9.—Conundrum of nodule smaller than 1 
cm. Bolus-enhanced CT scan of residual left 
hepatic lobe after trisegmental resection of right 
lobe for metastatic colonic cancer. Left lobe has 
migrated and hypertrophied. A 0.5-cm nodule is 
clearly displayed in medial segment of left lobe 
(arrow), but its nature cannot be ascertained 
because of its small size. 


a correct or complete diagnosis under the best of circum- 
stances, and it is often critical to integrate the results of 
multiple imaging studies. 

Notwithstanding these factors, certain elements of current 
Clinical experience with MR disclose real limitations of CT in 
terms of sensitivity for lesion detection, differential diagnosis, 
and invasiveness. As previously noted, several groups have 
recorded greater sensitivity for lesion detection by MR [21, 
31-33]. This may be explained by the inherently greater image 
contrast of MR as well as the slice gap errors of CT when 
small nodules are present. Spin-echo signal-averaged MR 
techniques effectively cover the entire liver with high contrast 
even for subcentimeter nodules smaller than 1.0 cm [21]. 
Moreover, in two studies the specificity (false-positive rate) 
was also more favorable with MR [21, 33]. This too is an 
important concern when imaging studies are used for screen- 
ing. In the best CT series reported, Freeny et al. [40] found 
an 85% sensitivity for detecting the presence of liver metas- 
tases and a 60% sensitivity when individual lesion detection 
was considered. However, the CT technique required to 
achieve these results is quite demanding, requiring dynamic 
bolus injection of contrast media with power injectors and 
rapid table incrementation during infusion. This allows images 
to be obtained during the first 2 min after contrast administra- 
tion (perfusion phase of contrast distribution), in which there 
is high contrast differential between tumor and normal liver. If 
images are obtained after equilibrium distribution of contrast 
material into the interstitial compartment of the liver (2-5 min), 
lesions may become isointense relative to hepatic paren- 
chyma and obscured [41]. Moreover, in patients whose pri- 
mary tumor tends to produce hypervascular liver metastases 
(islet cell, renal, melanoma), an unenhanced scan should 
be obtained because nodules will be hypervascular and 
thus isointense in 25% of cases, giving false-negative results 
[42]. 

Hemangioma is a particularly difficult problem for CT, and 
no discussion of the two techniques can have clinical rele- 
vance unless assessments of metastases and hemangiomas 
are considered concurrently. Unfortunately, both metastases 
and hemangioma may be multiple, may coexist independently, 
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and may be clinically occult (Fig. 10). For proper treatment of 
patients it is often necessary to analyze each detected liver 
nodule individually. 

In this context, there are three problems with CT in the 
evaluation of cavernous hemangioma. First, the criteria for 
differentiation from metastases are typical in no more than 
55% of cases [43]. Even when a typical pattern is present in 
a patient with a known primary neoplasm, the probability that 
it represents hemangioma is only 86% [44]. Second, in many 
cases, delayed scanning up to 30 min after administration of 
contrast material is required to confirm the typical peripheral 
centripetal filling sequence. This can represent a throughput 
problem. Third, because of the temporal nature of the diag- 
nostic filling pattern, it is often difficult to assess multiple 
lesions at different CT slice levels. Hence, other studies such 
as radionuclide blood-pool scanning, percutaneous needle 
biopsy, or MR imaging are often required. MR imaging, ob- 
viously, shows multiple lesions at multiple slice levels with no 
need for additional or delayed imaging. 

Conversely, MR imaging has shown better than 85% ac- 
curacy in differentiating hemangiomas and metastases at 
various field strengths [38, 43, 45, 46]. Heavily T2-weighted 
spin-echo images with echo times greater than 100 msec 
effectively display the long-T2 bright signal typical of slowly 
flowing blood. A homogeneous “light bulb” pattern is seen 
morphologically, while quantitatively the resulting high con- 
trast-to-noise ratio accurately differentiates hemangiomas 
from metastases [43, 45, 46]. 

More recently, fast MR imaging with gadopentetate dime- 
glumine has effectively displayed the slow perfusion patterns 
of hemangioma analogous to contrast-enhanced CT (Fig. 11) 
[47-52]. Several different dynamic MR imaging techniques 
have been used, including fast spin-echo and gradient-echo 
methods. All have succeeded in furthering the distinction 
between hemangiomas and primary and secondary malignant 
tumors and add a further criterion to the differential diagnosis 
for problem cases. 

There is a final advantage of MR imaging over CT. The 
inherent dependence of CT on iodinated contrast material for 
lesion detection and characterization is an additional argu- 
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Fig. 10.—T2-weighted MR images show multiple cavernous hemangiomas, with a dominant lesion in left lobe and six to seven smaller nodules scattered 
throughout right lobe. In patients with suspected metastatic disease and multiple lesions, each nodule must be analyzed individually for optimal patient 
care. This patient had a palpable liver and normal liver function tests. On the basis of imaging studies, which were considered typical for hemangioma, no 
further intervention was carried out. 





Fig. 11.—Dynamic gadopentetate dimeglumine perfusion study for cavernous hemangiomas. Two adjacent hemangiomas in right hepatic lobe were 
proved surgically. Fast spin-echo MR images, 225/13/2 (TR/TE/excitations), before, 3 min after, and 5 min after injection of gadopentetate dimeglumine 
(0.1 „mol/kg by body weight). Both lesions show marked and persistent signal enhancement. Dominant lesion shows an area of central scar formation. 


ment in favor of MR imaging. It is increasingly difficult to 
dismiss the risk (high-osmolar) or cost (low-osmolar) of iodi- 
nated contrast media when making judgments about the 
overall relative desirability of CT vs MR [53]. 

An important contrary balancing argument for CT has been 
its undisputed greater accuracy for displaying extrahepatic 
diseases such as pancreatic, adrenal, or retroperitoneal pa- 
thology [21]. The prospect that MR bowel contrast agents 
might address this concern has yet to be fulfilled. However, 
no study has ever compared the clinical impact of trading off 
accuracy in diagnosing intrahepatic vs extrahepatic disease 
with either MR or CT. In the patient with colorectal carcinoma 
it may be justifiable to use MR and forgo detail in the retro- 
peritoneum to ensure accuracy within the liver, where there 
is greater risk of disease as well as a greater risk to the 


patient's welfare if a diagnostic error occurs. Given the new 
ultrafast CT and MR scanning methods and liver-specific 
contrast agents under development for both techniques, the 
debate as to which is best for liver tumor imaging will no 
doubt continue for years. 


HCC 


Radiologic evaluation of HCC involves several further spe- 
cific issues in addition to the general discussion of screening 
and staging liver cancer. HCC usually arises as a complication 
of liver cirrhosis, making initial recognition and differentiation 
from a regenerative nodule more difficult and limiting the 
number of patients who can tolerate surgical resection. Only 
patients with small (3- to 4-cm) encapsulated tumors and well- 


AJR:155, September 1990 


compensated liver function become candidates for tumor 
excision [54]. However, actuarial survival rates among such 
patients approach 90% at 3 years. Thus, recognition of the 
so-called “minimal” HCC is an important imaging challenge. 

HCC tends also to be a highly aggressive tumor in terms 
of its local extension; invasion of veins and bile ducts, ten- 
dency for arteriovenous shunting, and formation of daughter 
nodules are common. Most can be demonstrated radiologi- 
cally and have obvious implications for setting boundaries of 
contemplated surgical resection. 

Diagnostically, CT scanning after administration of Lipiodol 
(an iodinated oil, Laboratoire Guerbet, Aulnay-sous-Bois, 
France) via a catheter placed in the hepatic artery can show 
subcentimeter HCC lesions, both primary and daughter nod- 
ules. However, this technique is presently used mainly in the 
Far East. Lipiodol gelatin sponge particles loaded with anti- 
tumor drugs have also proved an effective chemotherapeutic 
method for unresectable lesions [6]. 

MR imaging has also proved highly sensitive in the detec- 
tion, differential diagnosis, and staging of HCC. It is able to 
recognize the frequent low-signal-intensity capsule, central 
fatty degeneration, vascular invasion, and daughter nodules 
that characterize this tumor (Fig. 12). Unlike MR techniques 
for differentiating metastases from hemangioma, which rely 
on T2-weighted sequences, HCC is best characterized by T1- 
weighted sequences because they provide clear depiction of 
fat, capsule, and venous involvement [55]. More recently, 
dynamic MR with gadopentetate dimeglumine has been able 
to confirm the faster flow in HCC as opposed to the stagnant 
flow in hemangiomas, adding another useful criterion for 
differential diagnosis [47-52]. As in the instance of metastatic 
liver disease, the powerful diagnostic capabilities of MR now 
allow it to rival or exceed CT as a primary liver imaging 
technique for HCC. 


Tissue Characterization 


As is evident from the foregoing, improved accuracy in 
differential diagnosis (tissue characterization) has been a 
dominant theme in the development of clinical liver tumor 
imaging in recent years. As is well known, metastases, he- 
mangiomas, and hepatomas constitute the “big three” cate- 
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gories of liver masses. Whether CT or MR is used, the 
parameters for clinical differentiation are (1) signal-intensity 
(contrast-to-noise) values, (2) morphologic architectural fea- 
tures, and (3) hemodynamic perfusion patterns. Although 
contrast-enhanced CT has had an indisputable role, MR has 
contributed more by virtue of its inherently richer image 
contrast. Moreover, scintigraphy adds a unique special di- 
mension for identification and characterization of primary liver 
tumors. Notwithstanding, tissue characterization of liver 
masses remains a complex challenge, and tissue sampling by 
needle or surgical biopsy frequently is required. 

MR signal-intensity ratios have been widely used to differ- 
entiate hemangiomas from metastases. As initially described 
by Stark et al. [22], high signal on late T2-weighted spin-echo 
images typifies hemangiomas as opposed to metastases. For 
purposes of Clinical interpretation, visual Comparisons be- 
tween lesion signal intensity and CSF are substituted for more 
onerous quantitative measurements. 

The abundant morphologic architectural information dis- 
played on both T1- and T2-weighted MR images also affords 
reliable differential diagnostic features. In addition to the typ- 
ical bright light-bulb appearance of hemangiomas, Wittenberg 
et al. [56] also described bright peritumoral edema halo effects 
and central liquefaction necrosis associated with metastatic 
deposits. Rummeny et al. [57] documented a high prevalence 
and diagnostic value of central scar formation as a specific 
sign of primary liver neoplasms (Fig. 13). Ebara et al. [58] 
described typical MR morphologic features of HCC to include 
a central high-signal area due to steatosis, a low-signal pe- 
ripheral capsule, and daughter nodules. Hahn et al. [59] drew 
attention to MR ring phenomena surrounding liver masses, 
usually caused by edema, hemorrhage, or fibrosis. 

Scintigraphy also plays a unique, albeit limited, role in liver 
tumor characterization, namely, identification of specific pri- 
mary liver neoplasms, that is, hemangioma, focal nodular 
hyperplasia, and hepatic adenoma/hepatoma. The condition 
suspected is confirmed by the scintigram specific for the 
entity, as shown in Table 2. 

For each condition, a positive photon uptake confirms the 
suspected diagnosis, although false-negative results occur in 
all entities. However, use of scintigraphy for liver tumor char- 
acterization has declined as the superb capabilities of MR for 
liver tumor characterization have been defined. 





Fig. 12.—Multifocal nodular hepatocellular carcinoma with typical features on three adjacent T1-weighted MR images. Discrete encapsulated nodules 
with central high signal due to intralesional fat are highly suggestive morphologic MR features of hepatoma. 
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TABLE 2: Scintigraphic Techniques Used for Characterizing 
Primary Liver Tumors 





Condition Radionuclide Imaging Technique 
Cavernous hemangioma -Te RBC-labeled blood-pool 
scan 
Focal nodular hyperplasia Te Sulfur colloid or HIDA 
scan or both 
Hepatic adenoma/hepa- Ga Citrate scan 


toma 





An interesting new development involves the potential of a 
variety of different techniques to exploit hemokinetic data for 
differential diagnosis. RBC-labeled scintigraphy displays the 
slowly flowing blood pool of hemangiomas and accurately 
distinguishes them from hepatomas and metastases [60]. 
Color Doppler sonographic flow mapping has been found by 
Tanaka et al. [61] to give a typical network vascular pattern 
in hepatomas as opposed to metastases (detour pattern) and 
hemangiomas (dot pattern). MR contrast enhancement by 
using fast-scanning gadolinium has been described above 
[47-52]. More recently, Hahn et al. [62] found superparamag- 
netic iron oxide particles to show greater uptake and conse- 
quently greater signal loss in hemangiomas than in malignant 
tumors. Nearly all these methods will most likely undergo 
further refinement before their ultimate clinical role is clear, 
but useful information is already being provided. 


Future Directions 


What are likely developments in the next decade? The 
immediate future will be dominated by exploration of liver 
applications for fast and ultrafast CT (cine) as well as breath- 
hold and millisecond “snapshot” MR techniques [63, 64]. Saini 
et al. [64] obtained high-resolution T2-weighted MR images 
of the liver and abdomen in 1/25 sec working with a modified- 
echo planar technique at 2.0 T. In addition to the obvious 
potential for increased patient throughput and analysis of 





AJR:155, September 1990 


Fig. 13.—A and B, CT scan (A) and T2- 
weighted MR image (B) show central tumor scar. 
This is a reliable sign that a liver tumor is a 
primary hepatic neoplasm. However, scars are 
not specific for any one type of tumor because 
they occur in adenoma, focal nodular hyperpla- 
sia, cavernous hemangioma, and hepatoma. Sur- 
gical excision disclosed a hepatic adenoma with 
foci of hepatocellular carcinoma. 


cardiac motion with such techniques, studies of organ and 
tumor perfusion kinetics will continue and command much 
attention [47-52]. Many of these studies will involve new MR 
contrast agents. 

Certainly the entire field of tissue-specific liver contrast 
agent development will absorb vast amounts of research 
resources. The richness of the hepatic metabolic milieu will 
allow molecules to be targeted specifically to the reticuloen- 
dothelial system, biliary excretory pathways, and hepatocyte 
enzyme systems. Particulate superparamagnetic iron oxide 
(ferrite) particles have already been shown to give a threefold 
increase in MR lesion conspicuity and detection sensitivity in 
early clinical trials [65]. Reduction in lesion detection size 
thresholds from 10 to 2 mm has also been shown after ferrite 
is implanted in rat tumor nodules [66, 67]. Particulate agents 
for CT such as perfluorooctylbromide have also increased 
lesion detection rates in phase I-Il clinical trials [68, 69]. 

New relationships between contrast agents and imaging 
system hardware are also emerging in which the special 
physical effects of each are exploited and synchronized to 
optimize results. Thus, magnetic susceptibility effects of fer- 
rite particles are exaggerated by gradient-echo techniques 
and may ultimately allow lower doses to be used [70]. Other 
imaging hardware and software developments with liver ap- 
plications already in clear view are ultra-low-field MR systems 
(0.02 T), MR spectroscopy, multiplanar (three-dimensional) 
CT and MR imaging, and color Doppler flow sonography. 
Much has been accomplished; there is much to be done. 
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Imaging of Chronic Renal Infections 


Philip J. Kenney’ 


Chronic renal infections are becoming increasingly rare. 
This is because of the availability of effective antibiotics and 
the early detection and treatment of both acute urinary tract 
infections and the conditions that predispose a patient to 
chronic infection. In most instances, chronic renal infections 
develop because of host factors that decrease the ability to 
resist or eradicate infection, not because the patient is in- 
fected by a specific organism. Vesicoureteral reflux, obstruc- 
tion, urinary calculi, diabetes mellitus, congenital anomalies of 
the urinary tract, analgesic abuse, gout, urinary diversion, and 
neurogenic bladder all predispose to chronic infections, usu- 
ally with bacteria similar to those that cause acute urinary 
tract infections. Mycobacterium tuberculosis (TB), however, 
causes a chronic infection because of the characteristics of 
the organism. Generalized compromised immune status may 
play a role, particularly in TB and fungal infections. 

Because of the nonspecific presentation and rarity of these 
processes, diagnosis may be delayed. With the availability of 
newer imaging methods, such as sonography and CT, an 
early diagnosis of a specific chronic infectious process may 
be made. However, this requires that the radiologist be aware 
of the specific radiologic findings of the various chronic renal 
infections. These findings reflect the pathologic features, 
which inciude the destructive effects (loss of renal tissue and 
function) as weil as accumulation of debris (e.g., xanthoma 
cells). This article reviews the imaging findings that allow 
accurate noninvasive diagnosis of chronic renal infections. 
Typical chronic processes such as TB, chronic pyelonephritis, 
xanthogranulomatous pyelonephritis, malacoplakia, and cho- 
lesteatoma are reviewed. Although they usually present 
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acutely, since pyonephrosis, renal abscess, and fungal infec- 
tion may be chronic, they are discussed aiso. 


Renal TB 


Renal TB is rare in the United States, with about 1000 new 
cases per year [1]. Many radiologists are aware of the uro- 
graphic findings of TB, but not the sonographic and CT 
findings. Since these procedures may be done initially, the 
diagnosis may not be recognized. 

Renal TB is usually the sequela of a primary pulmonary 
infection that occurred as many as 10-15 years earlier. How- 
ever, only 30% of patients presenting with renal TB have an 
abnormal chest radiograph, and only 10% show signs of 
active pulmonary TB [1, 2]. Most patients are adults, and 
men are affected more often than women. Fewer than 50% 
have a known history of TB [3, 4]. Symptoms are nonspecific, 
and if disease is limited to the kidney, there may be asymp- 
tomatic hematuria or sterile pyuria. Constitutional symptoms 
are common, but may be absent. 

It is important to understand the pathology in order to 
understand the radiology of renal TB [2]. Tubercle bacilli lodge 
in perigliomerular capillaries during hematogenous seeding 
that occurs after inhalation. Cortical granulomas form and 
remain stable for many years, but if reactivation occurs, the 
organisms spread into the medulla, causing a papillitis that 
may extend into the collecting system. The end result of 
diffuse disease is destruction, loss of function, and calcifica- 
tion of the entire kidney (autonephrectomy). The process may 
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spread beyond the kidney with perinephric and retroperitoneal 
involvement, and fistulas may extend into the gastrointestinal 
tract or to the skin. 

The radiologic findings reflect the state of the disease in 
the individual patient, and cover a broad spectrum. Ten to 
fifteen percent of patients have normal urographic findings 
when they present with active renal TB because of the minimal 
changes early in the disease [2]. The earliest recognizable 
radiologic abnormality is irregularity of the caliceal contour 
due to necrotizing papillitis. Single or multiple calices may be 
involved in one or both kidneys. With further necrosis, cavities 
communicating with the collecting system develop (Fig. 1) 





Fig. 1.—Early renal tuberculosis (TB) in 31-year-old Vietnam veteran. 
Excretory urogram shows a Cavity (arrow) communicating with collecting 
system and minimal thinning of cortex. Chest radiograph showed disease 
in right upper lobe consistent with inactive TB. Urine cultures were positive 
for TB. 
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[2]. Parenchymal masses can develop, which may be calcified 
(Fig. 2). If the disease process is halted, either spontaneously 
or with therapy, focal scars, calcifications, and clubbed calices 
may remain stable for a long time. Development of infun- 
dibular, pelvic, or ureteral strictures is a common finding, and 
is nearly pathognomonic of TB (Figs. 3 and 4). An infundibular 
stricture may result in a “phantom calix” when that segment 
of the kidney becomes nonfunctional (Fig. 3). A variety of 
patterns of calcifications can be seen on radiographs, includ- 
ing amorphous, speckled, or curvilinear patterns; calcium in a 
parenchymal mass; collecting system calculi (rare); diffuse 
calcium in a lobar pattern; and the “putty kidney,” in which 
calcified, thick material fills a dilated collecting system [1]. A 
large series noted that 55% of patients had focal scars, 44% 
had parenchymal calcification, 39% had papillary cavities, and 
39% had infundibular stenosis [3]. 

The same findings described above can be seen on sonog- 
raphy or CT (Fig. 2). Sonography is less revealing than either 
urography or CT because of difficulties in detecting subtle 
caliceal, pelvic, or ureteral changes; difficulties in recognizing 
isoechoic parenchymal masses; lesser sensitivity to calcifica- 
tions; inability to identify cavities that communicate with the 
collecting system; and inability to evaluate function of the 
kidney [5]. CT is more effective and has some advantages 
over urography in that it is more sensitive to calcifications, 
abnormalities in nonfunctioning kidneys, and perinephric ex- 
tension [6]. The most common findings reported on CT are 
caliectasis (88%), parenchymal scarring (80%), and calcifica- 
tions (37-71%) [4, 6]. Low-density parenchymal lesions, prob- 
ably representing areas of caseous necrosis, may be seen in 
up to 37% of cases (Fig. 2C) [4]. Whether on urography or 
CT, the end-stage kidney may show nonfunction and hydro- 
nephrosis, or, conversely, atrophy and calcification. 





Fig. 2.—Renal tuberculosis (TB) in a 33-year-old man with symptoms of chronic urinary tract infection that did not respond to routine antibiotics. 
Subsequent imaging diagnosis, urine cultures proved positive for TB. 

A, On excretory urogram, irregular calices (curved arrow) and ragged papillary cavities (straight solid arrows) typical of TB are seen. Calcifications in 
poorly defined mass in lower pole are noted also (open arrows). Minimal narrowing of proximal ureter was a persistent finding (arrowheads). A second 
urogram showed more significant ureteral dilatation and a distal ureteral stricture. 

B, Longitudinal sonogram shows mass in left lower pole (solid arrows) is hypoechoic and contains calcifications (open arrow). 

C, CT scan. Mass (arrowheads) in lower pole is of low density; calcifications (arrow) are seen again. 
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Fig. 3.—Renal tuberculosis. Typical infundibu- 
lar stricture (straight arrow) in upper pole is seen 
on urography. Note calcification in nonvisualized 
upper pole (arrowheads). A blunt calix is present 
also (curved arrow). 


urine cultures. 


Fig. 4.—Renal tuberculosis (TB) in 12-year-old boy whose grandfather had active pulmonary TB. 
A, Excretory urogram reveals pelvic and ureteral strictures (arrows) as well as blunted upper pole 
calices with cortical thinning. These findings suggest the diagnosis of TB, which was confirmed by 


B, Although the patient was compliant to triple drug therapy, he did not return for follow-up until 


8 months after treatment was initiated. Transverse sonogram shows marked hydronephrosis due to 
worsening strictures. After radionuclide scanning showed no residual function, nephrectomy was 
performed; specimen showed a hydronephrotic sac. 


Clearly, a myriad of radiologic findings can be caused by 
renal TB. Each finding can be caused by other disease 
processes including papillary necrosis, neoplasm, and other 
infections. The key to correct diagnosis is pattern recognition. 
In most patients with renal TB, multiple abnormalities are 
present. In one study, 35% of patients had four findings and 
40% had three [4]. The calcifications and strictures are rather 
characteristic and by themselves strongly suggest the diag- 
nosis. 

The standard treatment of renal TB is long-term administra- 
tion of multiple antituberculous drugs (e.g., three drugs for 2 
years) [7]. If the diagnosis is made early in the disease 
process, adequate drug therapy should lead not only to cure, 
but to salvage of the kidney. Radiologic monitoring during 
treatment is important because strictures may develop or 
worsen on therapy (Fig. 4). If this is detected, stenting can be 
done to avoid loss of a kidney that might be saved. 


Chronic Pyelonephritis 


Chronic pyelonephritis is a chronic interstitial nephritis 
caused by infection, although some of the damage may be 
due to autoimmune mechanisms [8, 9]. Pathologic findings 
are surprisingly nonspecific [10]. The bacteriology of the 
disorder is the same as for acute pyelonephritis, and in fact 
most cases of “chronic pyelonephritis” are cases of scarring 
from prior infections (Fig. 5). It is confusing that the same 
term can refer to the presence of long-standing, recurrent 
infection with ongoing renal destruction or to the residuum of 
old disease not now active. Nevertheless, there are no radio- 
logic features that at a single point in time reliably indicate 
activity of the process. 


Chronic pyelonephritic scarring most often results from 
lower urinary tract infestation and vesicoureteral reflux, usu- 
ally in childhood [11]. Reflux nephropathy, however, is not 
the focus of this review. Chronic pyelonephritis can occur in 
other clinical settings. The most common are in the presence 
of calculi and chronic obstruction. A recent study proposes 
that pyelonephritic scarring in adults is most often a result of 
renal calculi and recurrent infection (Fig. 6) [12]. Neurogenic 
bladders, urinary diversions such as ileal conduits, and other 
causes of stasis also predispose to development of chronic 
pyelonephritis in adults. 

The typical urographic findings of chronic pyelonephritis are 
caused by focal damage of an entire ray, thus producing loss 
of medullary and cortical tissue [13, 14]. This results in a 
discrete, deep cortical scar overlying a blunt calix. One or 
many rays may be involved, and the exact appearance of the 
kidney depends on the severity and distribution. The poles 
are involved more often than the midportions are. However, 
if there is enough involvement, the kidney may be diffusely 
reduced in size. If several segments are severely damaged, 
the remaining uninvolved areas may hypertrophy, producing 
misshapen kidneys and pseudotumors. When these uro- 
graphic findings are seen, a specific diagnosis of chronic 
pyelonephritis can be made. 

Sonography may be used to make the diagnosis, especially 
in children. Focal scars and blunted calices are recognized 
less readily with sonography than with urography [15]. Also, 
normal findings such as the interrenicular junction can simu- 
late a scar [16]. Some recent studies have suggested that 
radionuclide renograms are the most sensitive procedure for 
detection of renal damage in children [17]. However, defects 
on radionuclide scans are nonspecific and often are due to 
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Fig. 5.—Chronic pyelonephritis in a 25-year-old 
asymptomatic man, a potential kidney donor. Uro- 
gram shows focal parenchymal scarring and cali- 
ceal blunting typical of chronic pyelonephritis. A 
urogram obtained 10 years earlier had an identical 
appearance. This is inactive scarring due to child- 
hood infection. 


acute infection, not irreversible scarring [18]. Urography, so- 
nography, and scintigraphy all can be valid methods of eval- 
uating the kidney in this setting. 


Xanthogranulomatous Pyelonephritis 


Xanthogranulomatous pyelonephritis is a chronic granu- 
lomatous inflammation of the kidney stimulated by bacterial 
infection. Renal parenchyma is destroyed and replaced by 
collections of lipid-laden macrophages (xanthoma cells) [19]. 
Patients classically are middle-aged women with recurrent 
fever, dysuria, and flank pain, and a staghorn calculus is often 
found. However, patients of any age or sex may be affected, 
and symptoms of infection may be absent [19]. Calculi or 
obstruction may not be present [20]. Pyuria and bacteriuria 
usually are found, but sometimes cultures are negative. The 
disease usually is unilateral with diffuse renal involvement, 
but it may be focal. 

The disease is the result of a failure of local immunity that 
is not specific to any organism. While Proteus is common, 
Escherichia coli, Klebsiella, Pseudomonas, Enterobacter, and 
other bacteria or mixtures frequently are cultured. The kidney 
is unable to eradicate the infection and digest the bacterial 
products so that there is progressive destruction of renal 
tissue and accumulation of lipid material (the undigested 
bacterial products) in macrophages [19]. The process begins 
in the renal pelvis and extends into the medulla and cortex, 
and may invade the perinephric space and retroperitoneum 
[19]. In the diffuse form, the entire kidney is enlarged, with a 
staghorn calculus in the pelvis. In the focal (tumefactive) form, 
changes are limited to a segment, usually adjacent to a stone- 
containing calix. In addition to the pathognomonic xanthoma 
cells, microscopy reveals acute and chronic pyelonephritis. 
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Fig. 6.—Chronic pyelonephritis in a 32-year-old paraplegic man. 

A, Scout tomogram shows renal calcifications (arrows). Baseline urogram obtained immediately 
after spinal cord injury 9 years before was normal. 

B, Parenchymal scarring (arrow) and blunted calices (arrowheads) typical of chronic pyelonephritis 
have developed since the injury. These were associated with recurring infections. 





Fig. 7.—Xanthogranulomatous pyelonephritis in a 52-year-old man with 
a 4-week history of fever and chills. Excretory urogram shows a staghorn 
calculus in a nonvisualized right kidney (arrow). Although these findings 
are nonspecific, this is the most common urographic appearance of xan- 
thogranulomatous pyelonephritis. (Gallstones also visible inferior to kid- 
ney.) 


The urographic findings in the diffuse form are renal enlarge- 
ment, poor or absent excretion of contrast material, and 
calculi (Fig. 7) [21, 22]. Tomograms obtained during urogra- 
phy may show opacification of crescents around central lu- 
cencies, owing to the inflammatory hypervascularity sur- 
rounding the xanthomatous collections (Fig. 8). Gas may be 
present, and although the kidney usually is large, it may be 
small. Arteriography is not indicated, but if done shows splay- 
ing of vessels and attenuation of major renal arteries with 
loss of peripheral arborization. With the focal form, similar 
findings are limited to one segment of the kidney, producing 
a mass. 


~ 
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Fig. 8.—Focal xanthogranulomatous pyelone- 
phritis in a 64-year-old woman with chronic left 
flank pain, fever, and costovertebral angle tender- 
ness. 

A, Scout film shows partial staghorn calculus in 
left upper pole. 

B, Tomogram obtained immediately after con- 
trast administration during excretory urography 
shows enhancing crescents (arrowheads) encir- 
cling radiolucencies centered around staghorn cal- 
culus. On delayed views, lucencies did not fill in. 
These findings suggest xanthogranulomatous 
pyelonephritis; urine cultures were positive for E. 
coli and Proteus. 

C, Urogram after extracorporeal shock-wave 
lithotripsy shows fragmentation of upper pole cal- 
culus but persistent mass and poorly defined lu- 
cencies of upper pole (arrows). 

D, Enhanced CT scan through left upper pole 
shows calculus fragments (arrowheads) scattered 
within low-attenuation collections (arrows). Again, 
radiologic interpretation indicated likelihood of 
xanthogranulomatous pyelonephritis, which was 
confirmed by heminephrectomy. 


Fig. 9.—Xanthogranulomatous pyelonephritis 
in 67-year-old woman. Excretory urography 
showed calculus in nonvisualized right kidney. 
Sonogram shows thin upper pole parenchyma (ar- 
rowheads), calculus (open arrow), and nearly 
isoechoic mass in lower pole (solid arrows), sug- 
gesting xanthogranulomatous pyelonephritis. 
Pathologic examination showed xanthogranulom- 
atous pyelonephritis in lower pole and diffuse 
chronic pyelonephritis. 


Fig. 10.—Xanthogranulomatous pyelonephritis 
in 30-year-old diabetic woman with mass in left 
flank Excretory urogram showed calculus in en- 
larged, nonvisualized left kidney. Enhanced CT 
scan shows enlarged kidney with no excretion of 
contrast material and a calculus (C) in pelvis. Xan- 
thogranulomatous pyelonephritis was confirmed 
by nephrectomy. 
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On sonography the kidney is usually enlarged and contains these findings suggest the diagnostic possibility of xantho- 
multiple hypoechoic or anechoic areas representing the cavi- granulomatous pyelonephritis. 
tary collections [23, 24]. Central echogenic foci representing Characteristic features may be shown on CT, although 
calculi are seen. The renal parenchyma itself is thin, but there pathologic confirmation usually is necessary [24, 25]. With 
may be a focal mass or masses (Fig. 9). Although nonspecific, the usual global disease, a staghorn calculus is seen in an 
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Fig. 11.—Xanthogranulomatous pyelonephritis 
with perinephric extension in a 55-year-old woman 
with back pain but no fever or leukocytosis. An 
enhanced CT scan shows complex, mostly low- 
attenuation renal mass (arrows) extending into 
perinephric space with some surrounding inflam- 
matory changes (arrowheads). No calculi were 
present. The appearance indicates an inflamma- 
tory process rather than neoplasm; this was con- 
firmed by percutaneous aspiration, yielding pus 
and E. coli. Although these findings are not spe- 
cific, pathologic diagnosis of xanthogranuloma- 
tous pyelonephritis was made at nephrectomy. 


mass in left kidney. 


enlarged, nonfunctioning kidney (Fig. 10). The architecture of 
the kidney is distorted and multiple cystic collections are 
present. The density of these ranges from —10 to +30 H, 
depending on lipid content (true fat density is not seen). There 
is rim enhancement of the collections after IV contrast admin- 
istration due to the well-vascularized granulation tissue sur- 
rounding them. The xanthomatous material does not en- 
hance. CT is accurate in detecting perirenal extension (Fig. 
11). The tumefactive form shows a focal low-attenuation mass 
with poor enhancement after the administration of contrast 
material in an otherwise functioning kidney (Fig. 8) [19]. There 
may be rim enhancement of the lesion, and an associated 
calculus may be identified adjacent to the mass. Especially 
when calculi are absent, the tumefactive form may be misdi- 
agnosed as a neoplasm [26]. The opposite also may occur: 
a low-attenuation renal carcinoma may be misdiagnosed as 
xanthogranulomatous pyelonephritis, particularly because 
clear cell carcinoma has a similar histologic appearance (Fig. 
12). 

In the appropriate clinical setting, the radiologic findings 
should suggest the diagnosis of xanthogranulomatous pye- 
lonephritis in many cases. Surgery is the only treatment 
proven effective, particularly for the diffuse form of the dis- 
ease. Whether segmental resection is appropriate for focal 
disease is controversial. There are no reports of recurrence 
in the contralateral kidney after nephrectomy, showing that 
the disease is not due to a generalized defect in immunity. 
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Fig. 12.—Renal carcinoma. Hematuria workup in this 59-year-old man showed calcification in a 


A, Precontrast CT scan shows calculus and poorly defined mass (arrows) in left kidney. 

B, Postcontrast CT scan at a slightly different level. Mass (arrows) is better defined. It is 
inhomogeneous, with central enhancement but no enhancing peripheral rims. CT interpretation was 
renal carcinoma with adjacent calculus. Needle biopsy was interpreted by pathologist as xantho- 
granulomatous pyelonephritis. CT findings are not consistent with that; therefore, radical nephrec- 
tomy was performed. The final pathologic diagnosis was clear cell adenocarcinoma. 


Malacoplakia 

Malacoplakia is a rare granulomatous inflammatory disease 
associated with chronic E. coli infection. The lower urinary 
tract is affected most often, but the kidney can be involved 
[2, 27]. Typically, the patient is a middle-aged woman with 
recurrent urinary tract infections. Malacoplakia occurs be- 
cause of abnormal monocyte function [27]. Because of the 
inability of the monocytes to kill and digest the bacteria, a 
chronic inflammation results characterized by 5- to 10-um 
basophilic intracellular inclusions called Michaelis-Gutmann 
bodies, which represent incompletely destroyed bacteria sur- 
rounded by concentric lipoprotein membranes and crystalline 
calcium phosphate [2]. These have a typical “owl’s-eye" 
appearance. 

Most cases of renal malacoplakia are unilateral, and multi- 
focal disease is usual [28]. Imaging studies show an enlarged 
kidney with multiple poorly defined hypovascular cortical 
masses. Calcification is rare. With diffuse disease, sonogra- 
phy shows distortion and compression of the central echo 
complex by poorly defined masses of variable echogenicity. 
lf unifocal, a nonspecific echogenic mass can be seen (Fig. 
13). In the few reports available, CT has shown nonspecific 
masses or renal enlargement, but perinephric extension may 
be seen (Fig. 14) [2]. Because of its rarity and the nonspeci- 
ficity of the radiologic findings, malacoplakia commonly is 
diagnosed only after nephrectomy for a presumed renal tu- 
mor. Renal parenchymal malacoplakia causes progressive 
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Fig. 13.—Renal parenchymal malacoplakia in Fig. 14.—Renal parenchymal malacoplakia. 
Urographic studies revealed multifocal cortical le- 
sions. CT shows a soft-tissue mass extending 
from left kidney (arrows) and invading perinephric 
space and left flank (arrowheads). Although non- 
specific, this is renal parenchymal malacoplakia 
[22]. (Courtesy of D. S. Hartman, Bethesda, MD.) 


patient with symptoms of chronic urinary tract 
infection. Excretory urogram revealed an inho- 
mogeneous upper pole mass. Longitudinal son- 
ogram shows multiple hypoechoic masses (ar- 
rows) in right upper pole. These findings are not 
specific, but are consistent with focal parenchy- 
mal malacoplakia. Pathologic examination of the 
nephrectomy specimen proved the diagnosis. 
(Courtesy of R. B. Jeffrey, San Francisco, CA.) 


loss of renal function, and patients with bilateral disease or 
involvement of a solitary or transplant kidney commonly die 
within 6 months [19, 29]. 


Cholesteatoma 


Long-standing urinary tract infection (particularly with TB) 
can cause squamous metaplasia of the collecting system. 
Desquamation of these epithelial cells forms an intraluminal 
collection of keratin, which is called a cholesteatoma [30]. 
The nonspecific symptoms include dysuria, hematuria, and 
colic. On urography or retrograde pyelography a filling defect 
is seen with a characteristic laminated appearance caused by 
contrast material entering interstices in the mass (Fig. 15) 
[30]. Calcification can occur, which may in part account for 
the fact that on CT the attenuation is higher than the usual 
soft-tissue filling defect. This is not a premalignant condition. 
Nevertheless, there may be progressive destruction and rapid 
reaccumulation of debris if the lesion is merely extracted. 


Pyonephrosis 


The significance of obstruction as a predisposing factor to 
chronic renal infection is emphasized by the fact that when 
bacteremia is induced in an animal that has had one ureter 
ligated, infection occurs in the obstructed kidney, not in the 
other [10]. Chronic suppurative infection in an obstructed 
kidney is called pyonephrosis. Although acute infections often 
occur in an obstructed system, true pyonephrosis is a chronic 
process, as evidenced by the pathologic changes. The asso- 
ciated pyelonephritis causes eventual destruction of the renal 
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Fig. 15.—Renal cholesteatoma in a 49-year- 
old woman. Excretory urogram reveals filling de- 
fect in right lower pole (arrows), which has lam- 
inated appearance typical of cholesteatoma. On 
CT, lesion was of high density (+90 H). (Re- 
printed from Wills et al. [30].) 


parenchyma. The dilated collecting system becomes filled 
with thick pus [31]. Any cause of chronic ureteral obstruction 
predisposes to pyonephrosis. Patients may present with signs 
and symptoms of acute infection, or with low-grade fever, 
weight loss, and dull pain. As many as 15% are afebrile [32]. 
Cultures usually reveal a common urinary pathogen, such as 
a Gram-negative rod. Pathologically, the kidney shows a 
mixture of chronic obstructive changes, ischemic damage, 
and findings of chronic pyelonephritis. Characteristically, the 
collecting system is full of purulent debris that includes 
Sloughed urothelium and inflammatory cells. Parenchyma is 
thin, although renal length may be increased owing to hydro- 
nephrosis. A chronic abscess may be present. While often 
abnormal, findings on plain radiographs and urograms are 
nonspecific, showing calculi, renal enlargement, or loss of 
renal outline if the process extends into the perinephric space. 
Since renal function is usually lost, urography shows little or 
no excretion of contrast material. If it is excreted, it may layer 
around thick debris in calices, producing dense rims. Often, 
pyonephrosis cannot be distinguished with urography from 
other causes of a poorly functioning kidney. 

Sonography has greatly aided the diagnosis, since the 
contents of the dilated collecting system can be shown even 
when function is nil [33]. The classic sonographic finding in 
pyonephrosis is the presence of echogenic material in a 
dilated collecting system (Figs. 16 and 17). There may be fine 
echoes throughout, or only in dependent portions, and there 
may be clearly defined fluid/debris levels [33]. The detection 
of such debris in a patient with clinical signs of infection 
indicates pyonephrosis. A similar sonographic appearance 
may be caused by blood clot or other filling defects. Because 
of shadowing, calculi or gas may obscure the presence of 
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Fig. 16.—Pyonephrosis in a 22-year-old 
woman with pain in right upper quadrant 
and fever. Excretory urogram revealed no 
excretion of contrast material by right kid- 
ney. Transverse sonogram of right kidney 
shows dilated collecting system with ech- 
ogenic material in pelvis and calices (ar- 
rows). Because of severity of hydrone- 
phrosis with absent renal parenchyma, 
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Fig. 17.—Pyonephrosis in a 72-year-old 
woman with left flank pain and fever. Son- 
ogram of left kidney shows severe hydro- 
nephrosis with a layer of echogenic mate- 
rial (arrows), indicating pyonephrosis. Sub- 
sequent percutaneous aspiration yielded 
frank pus and E. coli. Nephrostomy was 
placed; subsequent nephrectomy revealed 
congenital ureteropelvic junction obstruc- 
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Fig. 18.—Pyonephrosis in a 55-year-old patient with met- 
astatic colonic carcinoma and Clinical signs of infection. Unen- 
hanced CT scan shows bilateral hydronephrosis with stent on 
right (open arrow). High density of contents of left renal pelvis 
(straight arrows) indicates filling of collecting system with 
dense material, indicating diagnosis of pyonephrosis. Pyone- 
phrosis was confirmed by percutaneous aspiration. 


diagnosis of congenital ureteropelvic 
junction obstruction and pyonephrosis was 
made and confirmed at nephrectomy. 


pus. A 100% positive predictive value has been reported 
when echogenic material is seen in patients suspected of 
having pyonephrosis [34]. Lack of such echogenic material, 
however, does not exclude infection in a hydronephrotic 
kidney—it takes time for thick debris to form. Although so- 
nography is the most cost-effective initial means of examining 
patients suspected of having pyonephrosis, percutaneous 
aspiration is extremely valuable. It allows not only accurate, 
direct confirmation of the diagnosis and documentation of the 
offending organism, but also a route for diversion via nephros- 
tomy [31]. The treatment is both relief of obstruction and 
administration of appropriate antibiotics. Even if surgery is 
required eventually, percutaneous nephrostomy improves the 
patient's status and can improve the surgical morbidity and 
mortality rates. 

Although CT is not often needed to make a diagnosis of 
pyonephrosis, it can be useful [31]. The dilated collecting 
system will be shown, even with poor function. The density 
of its contents may be higher than that of urine (more than 
20 H) (Fig. 18). CT also can aid in evaluation of the cause of 
obstruction, which may not be evident on sonography. 


Renal Abscess 


Patients with renal parenchymal abscesses usually present 
acutely. Most abscesses result from ascent of lower urinary 
tract infection by common urinary pathogens, such as E. coli. 
Nevertheless a renal abscess may present as a chronic, 
indolent process. This occurs less often now than in the past 
because of the early institution of antibiotic therapy for acute 
infections, as most renal abscesses are a result of an inade- 
quately treated acute infection. 


tion and chronic pyonephrosis. 


Chronic renal abscesses cause focal renal masses that are 
less clearly marginated than cysts on urography. The sono- 
graphic appearance is variable, ranging from an anechoic to 
an echogenic mass, depending on the thickness of the con- 
tents. Usually the wall is less well defined than with a cyst. 
Similarly, the CT appearance of a chronic abscess is variable, 
but often there is a low-density center and a thick, irregular 
wall. Gas may be present, but calcium is rare. Since patients 
may present with low-grade fever, anemia, and weight loss, 
typical of renal carcinoma, a renal abscess may mimic a 
necrotic, cystic renal carcinoma. Aspiration of the contents 
allows the diagnosis and excludes renal carcinoma. 


Fungal Infections 


The urinary tract may be infected by a variety of fungal 
agents. Candida albicans is the most common, but other 
Candida species as well as Torulopsis, Cryptococcus, Coc- 
cidioides, Blastomyces, and others can be pathogens [35]. 
Although the genitourinary system frequently is colonized by 
fungi with no disseminated illness resulting, in debilitated or 
immunocompromised hosts true infection with pathologic 
damage may occur. Most such patients have diabetes melli- 
tus, indwelling foreign bodies, malignancies (especially leu- 
kemia or lymphoma), premature birth, a history of IV drug 
abuse, or long-term antibiotic therapy, or are immunocompro- 
mised either from AIDS, steroid therapy, or immunosuppres- 
sion for organ transplants. The infection may be limited to the 
upper or the lower urinary tract, and may or may not be 
associated with a disseminated fungal infection (although the 
kidney is very likely to be involved in systemic candidemia) 
[35]. 
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Fig. 19.—Fungal infection of kidney in a 66-year-old diabetic patient. 
Retrograde pyelogram was obtained after excretory urogram showed no 
excretion by left kidney. No renal calculi are present. Abnormal collecting 
system with narrowing of some regions and cavitation in other regions is 
shown. There appears to be some thick material within collecting system. 
Although differential diagnosis includes renal tuberculosis, nephrectomy 
specimen revealed necrotizing granulomatous inflammation with fungus. 
Torulopsis glabrata was identified. 


Renal candidiasis occurs most often after systemic candi- 
demia. The sequelae depend on the resistance of the individ- 
ual. Acute pyelonephritis or multiple microabscesses may 
develop, similar in clinical and radiologic presentation to bac- 
terial processes. A perinephric abscess may develop if the 
infection is not treated early. Primary renal candidiasis appar- 
ently results from ascent of the organism from lower urinary 
tract colonization without candidemia. This does not com- 
monly occur [35]. 

Although many fungal infections are acute, indolent proc- 
esses do occur. A process similar to chronic pyelonephritis 
with renal scars and blunted calices can occur [36]. Candidi- 
asis may result in papillary necrosis, particularly in premature 
infants [35]. The renal pelvis and ureter can be infected, 
producing urothelial thrush in which a white membrane forms 
made up of fungal growth and inflammatory cells invading the 
mucosa and submucosa. With chronic renal or pelvic involve- 
ment, a fungus ball can form in the renal pelvis, made up of 
fragments of fungi with mycelia (and occasionally yeast forms) 
and necrotic debris [37]. These fungus balls may be found 
incidentally during radiologic investigation of debilitated or 
immunocompromised patients suspected of infection. Hema- 
turia and renal colic may be presenting signs. Fungus balls 
may be present for years if not treated [38]. Radiologically, 
fungus balls are soft-tissue filling defects that may not be 
readily distinguishable from blood clot, pelvic tumor, or other 
nonradiodense material. There may be several filling defects, 
or the material may form a shaggy cast of the collecting 
system. Fermentative gases may be produced by fungi; if this 
occurs, gas within the fungus ball can produce a lacy radio- 
lucent appearance that is pathognomonic [37]. This can best 
be detected on a scout radiograph or plain tomogram during 
urography, or on CT. If gas is not present, urography and CT 
show only a soft-tissue filling defect. On sonography, an 
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echogenic nonshadowing mass will be seen in the collecting 
system [39]. The diagnosis then rests on culture of the 
offending organism. The convention is that more than 15,000 
colonies/ml of catheterized urine represents infection rather 
than colonization. After candidiasis, Toru/opsis is the next 
most common fungal infection and may produce similar radio- 
logic findings (Fig. 19). Treatment of fungus balls may be 
done by topical antifungal drugs, avoiding systemic toxicity. 
This may require a nephrostomy, since the fungus ball may 
obstruct infusion via a ureteral catheter. Percutaneous ex- 
traction of a fungus ball may be performed also. If done, a 
shorter course of irrigation is needed to sterilize the pelvis 
[40]. 
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Pictorial Essay 





Thymic Masses on MR Imaging 


Paul L. Molina,’ Marilyn J. Siegel, and Harvey S. Glazer 


MR imaging is an excellent technique for identifying and defin- 
ing the extent of thymic tumors. T1-weighted spin-echo MR im- 
ages (e.g., 600/15 [TR/TE]) best demonstrate tumor extent, and 
T2-weighted images (e.g., 2500/90 [TR/TE]) help differentiate 
“cystic” from solid thymic masses. Cyst formation and/or hem- 
orrhage appear as areas of high signal intensity (greater than 
that of fat) on T2-weighted images. Focal areas of low signal 
intensity (less than that of muscle) correspond pathologically to 
fibrous capsules and septa, air, or calcification. In this report, the 
MR appearance of the normal thymus is reviewed briefly, and the 
gamut of abnormal thymic masses on MR is illustrated. 


Fig. 1.—Normal thymus in a 2-month-old 
neonate. 

A, T1-weighted axial MR image (600/15) shows 
a homogeneous quadrilateral thymus (thy) with 
signal intensity slightly higher than that of chest 
wall musculature. 

B, T2-weighted axial MR image (2500/90). Thy- 
mus has a signal intensity similar to that of sub- 
cutaneous fat. 

s = superior vena cava, bv = horizontal portion 
of left brachiocephalic vein, A = aortic arch. 
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Normal Thymus 

The normal thymus lies in the anterior mediastinum at a 
level between the horizontal portion of the left innominate 
vein superiorly and the horizontal course of the right pulmo- 
nary artery inferiorly. On T1-weighted images the thymus has 
a homogeneous, relatively low signal intensity, slightly greater 
than that of muscle (Fig. 1A). On T2-weighted images the 
thymus increases in relative signal intensity and approaches 
that of fat (Fig. 1B) [1]. In younger children, the thymus often 
has a quadrilateral shape and convex lateral contours (Fig. 








‘All authors: Mallinckrodt Institute of Radiology, Washington University School of Medicine, 510 S. Kingshighway Blvd., St. Louis, MO 63110. Address reprint 


requests to P. L. Molina. 


AJR 155:495-500, September 1990 0361-803X/90/1553-0495 © American Roentgen Ray Society 


496 MOLINA ET AL. 





AJR:155, September 1990 


Fig. 2.—T1-weighted axial MR image (680/30) 
in a 2-year-old child shows a normal quadrilateral 
thymus with convex lateral margins. Signal inten- 
sity is homogeneous and slightly higher than that 
of chest wall musculature. v = superior vena cava, 
aa = ascending aorta, pa = pulmonary artery, 
da = descending aorta. 


Fig. 3.—Balanced axial MR image (2715/20) in 
a 24-year-old man. Thymus is triangular with a 
dominant left lobe (arrowhead). aa = ascending 
aorta, pa = pulmonary artery, da = descending 
aorta. 





Fig. 4.—Surgically proved posterior mediastinal thymus in a 16-month-old boy. 

A, T1-weighted axial MR image (1091/20) shows a normal homogeneous thymus in anterior 
mediastinum with posterior extension to chest wall between superior vena cava (v) and trachea (T). 
Signal intensity of thymus is greater than that of muscle and less than that of fat. 

B, On T2-weighted image (3200/80), signal intensity of thymus is slightly greater than that of fat. 

bv = horizontal portion of left brachiocephalic vein, A = aortic arch. 


2), whereas in older children and young adults it is triangular 
or bilobed with a more prominent left lobe (Fig. 3) [2]. 
Although the bulk of the thymus usually is positioned an- 
terior to the great vessels, it may extend above the level of 
the left innominate vein or posteriorly between the superior 
vena cava and trachea (Fig. 4). The diagnosis of superior or 
posterior thymic extension is suggested by the direct conti- 
nuity of the aberrant thymus with anterior mediastinal thymic 
tissue, their identical signal intensities, and the absence of 
narrowing or displacement of adjacent structures [2]. 


Thymic Cysts 
Congenital thymic cysts are rare lesions resulting from a 


Fig. 5.—Thymic cyst with surgically proved 
hemorrhage. T1-weighted axial MR image (300/ 
30) shows a well-circumscribed anterior medias- 
tinal mass (arrowheads) of very high signal inten- 
sity, reflecting T1 shortening due to paramagnetic 
effect of methemoglobin. aa = ascending aorta, 
pa = pulmonary artery, da = descending aorta. 


persistent thymopharyngeal duct. They are low in signal in- 
tensity on T1-weighted MR images and high in signal intensity 
on T2-weighted images. If spontaneous hemorrhage into a 
thymic cyst occurs, the mass will show relatively higher signal 
intensity on T1-weighted images, reflecting T1 shortening due 
to the paramagnetic effect of methemoglobin (Fig. 5). 

Thymic cysts also may occur in association with Hodgkin 
disease and are believed to be related to initial thymic involve- 
ment with the disease, rather than being a result of radiother- 
apy or chemotherapy. The cysts can persist despite regres- 
sion of disease elsewhere in the chest, and they may simulate 
persistent or recurrent disease (Fig. 6) [3]. 
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Fig. 6.—Cystic lymphoma in a 14-year-old boy. 





A, T1-weighted axial MR image (740/30) at level of left atrium shows a large, intermediate-signal-intensity mass with central area of high signal intensity 
in left lobe of thymus. High-signal-intensity central component is surrounded by thin rim of low signal intensity. Supraclavicular lymph node biopsy revealed 
nodular sclerosing Hodgkin lymphoma. Artifact from overlying infusaport device (asterisk). 

B, T1-weighted MR image (700/30) after 4 months of chemotherapy shows diminution of left lobe lesion. Thick rim of low signal intensity (arrowheads) 
now surrounds central area of high signal intensity. Identical findings were noted on T2-weighted images. Patient subsequently underwent surgical 


excision of residual mass. 


C, Section of pathologic specimen shows cystic mass filled with brownish yellow material. Microscopic examination revealed a thymic cyst containing 
cellular keratinous material with numerous cholesterol clefts. Cyst was encircled by extracellular hemosiderin and fibrotic tissue (arrowheads). No residual 


tumor was identified. F = mediastinal fat. 
aa = ascending aorta, LA = left atrium, da = descending aorta. 





: ) i : 


Fig. 7.— 11-year-old child with lymphoma. 


C 


A, T1-weighted axial MR image (810/30) shows diffuse thymic enlargement, particularly of right lobe. Signal intensity of infiltrated thymus is greater 


than that of muscle and less than that of fat. 


B, On T2-weighted image (3100/90), thymic mass has a signal intensity greater than that of fat. 
C, T2-weighted image (2000/90) after 1 month of chemotherapy. Mass has decreased in size and relative signal intensity. 


s = superior vena cava, A = aortic arch. 


Neoplasms 


The MR diagnosis of thymic neoplasm is usually based on 
the presence of diffuse or focal enlargement of the gland. The 
signal intensity of the abnormal thymus is similar to that of 
the normal thymus, although the abnormal thymus is often 
inhomogeneous on T2-weighted MR images. 

Lymphomas, particularly the nodular sclerosing form of 


Hodgkin disease, commonly infiltrate and enlarge the thymus 
(Fig. 7). Lymphomatous involvement usually has a relatively 
low signal intensity on T1-weighted MR images and a high 
signal intensity on T2-weighted images. Rarely, the signal 
intensity remains low on T2-weighted images. This observa- 
tion is important because tumors of relatively low signal 
intensity on T2-weighted images do not decrease in size with 
therapy as much as higher intensity masses do, possibly 
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reflecting large areas of residual fibrous stroma within the 
mass [4]. Indeed, MR may help differentiate between post- 
treatment fibrosis, which has a low signal intensity on T1- and 
T2-weighted images, and lymphoma, which increases in rel- 
ative signal intensity on T2-weighted images. However, per- 
sisting high signal on T2-weighted images after treatment is 
a nonspecific finding and also may represent inflammation, 
hemorrhage, or even posttreatment change. 

Leukemic infiltration of the thymus also results in diffuse 
thymic enlargement, and its MR signal characteristics are 
similar to those just described for lymphoma (i.e., low signal 
intensity on T1-weighted images and high signal intensity on 
T2-weighted images) (Fig. 8). 

Thymomas typically appear on MR images as oval, round, 
or lobulated masses that distort the normally smooth outer 
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Fig. 8.—Leukemic infiltration of thymus. 

A, T1-weighted MR image (500/30) shows dif- 
fuse thymic enlargement, with signal intensity 
slightly greater than that of muscle. Focal area of 
high signal intensity (arrowhead) is presumed to 
represent hemorrhage within mass. 

B, On relatively T2-weighted image (1500/90), 
thymus is very heterogeneous in appearance, with 
mixed areas of low and high signal intensity. 

Peripheral blood smear and bone marrow aspi- 
ration biopsy confirmed diagnosis of leukemia. 
v = superior vena cava, aa = ascending aorta, pa 
= pulmonary artery, da = descending aorta. 


Fig. 9.—33-year-old woman with a benign 
thymoma. 

A, T1-weighted MR image (500/30). Round 
mass arising in left lobe of thymus has an inho- 
mogeneous signal intensity intermediate between 
that of muscle and fat. Low-signal-intensity rim 
(arrowheads) surrounds tumor mass. v = superior 
vena Cava, aa = ascending aorta, da = descending 
aorta. 

B, Pathologic specimen. Bivalved thymoma 
nicely shows fibrous capsule (arrows) correspond- 
ing to low-signal-intensity rim seen in A. 


margin of the thymus (Fig. 9). Signal intensity is relatively low 
on T1-weighted images and increases on T2-weighted im- 
ages. 

Germ cell tumors of the thymus usually represent dermoid 
cysts or benign teratomas. On MR, these tumors are typically 
well circumscribed and inhomogeneous, containing a variable 
admixture of fat, water, soft tissue, and calcification (Fig. 10). 

Thymolipoma is a rare, benign thymic tumor occurring in 
children and young adults. It can grow exceedingly large and 
may displace mediastinal structures. On T1-weighted MR 
images this neoplasm appears as a mass of relatively high 
signal intensity, reflecting its predominantly fatty content (Fig. 
11). Linear strands of lower signal intensity representing 
residual fibrous stroma and/or thymic tissue may be seen 
coursing through the mass [5]. 


We 
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Fig. 10.—Benign cystic teratoma. 








Fig. 11.—Thymolipoma. T1-weighted axial MR image 


A, T2-weighted MR image (2100/90) shows low-signal-intensity band (arrowheads) sepa- (TR gated, TE = 28 msec) at midthoracic level shows 
rating two areas of very high signal intensity within thymic mass. v = superior vena cava, large mass filling entire left hemithorax, with displacement 


aa = ascending aorta, pa = pulmonary artery, da = descending aorta. 


of heart to right. At higher levels, this mass appeared to 


B, Pathologic specimen. Low-signal-intensity band on MR image corresponds to fibrous originate from anterior mediastinum. Mass is mostly high 
septum (arrow) separating two large cystic areas (asterisks) within teratoma. Calcification in signal intensity, reflecting its predominantly fatty con- 


was present on other sections. 


A 


tent. Low-signal-intensity strands course through mass, 
probably representing residual thymic tissue and/or fi- 
brous stroma. (Courtesy of A. Shirkhoda, Royal Oak, MI.) 





Fig. 12.—2-month-old neonate with chest wall and mediastinal lymphangioma. 

A, On T1-weighted axial MR image (500/30), chest wall mass (M) is of homogeneous low signal intensity, less than that of muscle. Note also poorly 
defined medium-signal-intensity mass infiltrating axilla and right lobe of thymus (arrows). 

B, On T2-weighted MR image (1800/120), lymphangioma is of very high signal intensity and is easily differentiated from adjacent structures. At surgery, 


lymphangioma had replaced entire right lobe of thymus. 


C, Histologic section shows typical lymphangioma with large lymphatic spaces (L) separated by septa containing fat and fibrous tissue. 
s = superior vena cava, T = thymus. (A and B reprinted with permission from Siegel [6].) 


Lymphangioma 


Mediastinal lymphangiomas usually are extensions of cer- 
vical lesions, and although most are well defined, they may 
infiltrate adjacent structures and be difficult to remove sur- 
gically (Fig. 12). Typically they appear as thin-walled, multiloc- 
ulated cystic masses of very high signal intensity on T2- 
weighted MR images. Components of the mass also may be 


of relatively high signal intensity on T1-weighted images if the 
fluid has a high lipid content. 


Ectopic Parathyroid Adenoma 


Rarely, intrathymic parathyroid adenomas are seen. As with 
parathyroid adenomas elsewhere in the mediastinum or neck, 
hemorrhage into the adenoma can occur (Fig. 13). 
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Thymic Hyperplasia 


True thymic hyperplasia involving both cortex and medulla 
can be caused by hyperthyroidism (Fig. 14), red cell aplasia, 
or chemotherapy. On MR images, diffuse enlargement of the 
thymus is recognizable, especially in its thickness, with pres- 
ervation of the normal shape. Its signal intensity is similar to 
that of the normal thymus. Rebound thymic hyperplasia after 
chemotherapy presents a diagnostic problem because it may 
simulate a primary neoplasm or recurrent disease. If the 
patient is doing well clinically, and no recurrent or residual 
disease is evident elsewhere in the body, the patient can be 
followed up with serial scanning. A gradual reduction in size 
corroborates the diagnosis of benign thymic hyperplasia. 
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Fig. 13.—Intrathymic parathyroid adenoma in a 
17-year-old girl with persistent hypercalcemia 
after surgical neck exploration. 

A and B, T1-weighted (1077/15) (A) and T2- 
weighted (2263/90) (B) MR images show oval le- 
sion (arrowheads) in left lobe of thymus. Lesion is 
of very high signal intensity on both images. Trans- 
cervical thymectomy revealed a hemorrhagic para- 
thyroid adenoma within thymus. v = superior vena 
Cava, aa = ascending aorta, da = descending 
aorta. 


Fig. 14.—T1-weighted axial MR images (500/ 
30) in a 25-year-old woman with benign thymic 
hyperplasia associated with Graves disease. 

A, There is marked enlargement of both lobes 
of thyroid due to hyperthyroidism. Signal intensity 
is homogeneous and intermediate between that of 
muscle and fat. Jugular vein (arrow); carotid artery 
(arrowhead). t = trachea. 

B, Thymus also is diffusely enlarged and has a 
signal intensity slightly greater than that of muscle. 
Mediastinal biopsy of thymus revealed benign 
thymic hyperplasia. v = superior vena cava, aa = 
aortic arch, pa = pulmonary artery, da = descend- 
ing aorta. 
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Islet Cell Tumors in von Hippel- 
Lindau Disease: Increased Prevalence 


and Relationship to the Multiple Endocrine 
Neoplasias 





Von Hippel-Lindau disease is a rare, autosomal-dominant disorder characterized by 
CNS hemangioblastomas, retinal angiomas, renal cell carcinomas, pheochromocytomas, 
and visceral cysts. The occurrence of islet cell tumors in von Hippel-Lindau disease 
has been noted recently. Because of the coexistence of both islet cell tumors and 
pheochromocytomas in some patients with this disorder, it has been proposed that there 
may be a continuum of the multiple endocrine neoplasias. However, no large, multifamily 
study has been published evaluating the prevalence of islet cell tumors and pheochrom- 
ocytomas in von Hippel-Lindau disease. To assess the frequency of islet cell tumors in 
this disorder and its relationship to the multiple endocrine neoplasias, we reviewed the 
clinical and imaging findings of all patients with von Hippel-Lindau disease evaluated 
at the Mayo Clinic between January 1979 and December 1989. Forty-three patients with 
von Hippel-Lindau disease from over 25 kindreds were found. Cross-sectional imaging 
of the pancreas had been performed in 35. Islet cell tumors were found in six (17%) of 
these, three islet cell adenomas and three islet cell carcinomas. No patient presented 
with endocrine-related symptoms; four tumors were detected during screening ex- 
aminations of the abdomen. Two (33%) of these six patients had a coexisting 
pheochromocytoma. 

Our review of a large number of patients from many different families with von Hippel- 
Lindau disease revealed a high prevalence of islet cell tumors and the frequent coex- 
istence of islet cell tumors and pheochromocytomas. This latter finding supports a 
continuum of the multiple endocrine neoplastic syndromes. 
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Von Hippel-Lindau disease is a rare autosomal-dominant disorder characterized 
by the presence of hemangioblastomas of the posterior fossa and angiomas of the 
retina. More than 20 additional types of tumors including renal cell carcinoma, 
pheochromocytoma, and visceral cysts have been associated with von Hippel- 
Lindau disease [1, 2]. The pancreatic manifestations of this disease include simple 
cysts [3, 4], diffuse cystosis [4], serous cystadenomas [5-8], and a variety of solid 
tumors. The occurrence of pancreatic islet cell tumors in this disorder has been 
reported in 11 patients [1, 9-16]. Jennings and Gaines [15] recently reviewed the 
association of islet cell tumors and von Hippel-Lindau disease. They also noted 
the frequent occurrence of pheochromocytomas in this subset of patients with von 
Hippel-Lindau disease. The coexistence of these two tumors suggests a relation- 
ship between the multiple endocrine neoplasias and von Hippel-Lindau disease 
(9, 151: 

The frequency of islet cell tumors in von Hippel-Lindau disease cannot be 
determined from the literature because most of the published data are in the form 
of case reports. Larger studies limited to one family provide data for that family 
only. Extrapolation of these data to all patients with von Hippel—Lindau disease is 
probably not valid owing to the marked variability of pancreatic involvement in the 
disease among families [4, 11]. This report is the first large multifamily study to 
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assess the prevalence of pancreatic islet cell tumors and the 
coexistence of these tumors and pheochromocytomas in von 
Hippel-Lindau disease. The clinical and imaging findings of 
six patients with von Hippel—Lindau disease and islet tumors 
of the pancreas are presented. 


Materials and Methods 


The histories and imaging studies of 43 patients with the diagnosis 
of von Hippel-Lindau disease evaluated at Mayo Clinic between 
January 1979 and December 1989 were reviewed retrospectively. 
Thirty-five of these patients, representing more than 25 kindreds, had 
cross-sectional imaging of the pancreas. All had contrast-enhanced 
abdominal CT; 13 also had evaluation of the pancreas with sonog- 
raphy. Two patients had abdominal angiography and one patient 
each had ERCP and MR imaging of the abdomen. The authors 
reviewed the imaging studies with special attention to the pancreas. 
Calcifications and patterns of contrast enhancement were noted. 


Results 


Pancreatic islet cell tumors were found in six (17%) of the 
35 patients who underwent cross-sectional imaging. The 
average age at the time of diagnosis of von Hippel-Lindau 
disease and the male:female ratio were similar between the 
groups with and without islet cell tumors (average age, 29 
years for both groups; male:female ratio, 2:4 vs 14:15, re- 
spectively). There was a family history of von Hippel—Lindau 
disease in five of the six patients with islet cell tumors and in 
20 of the 29 patients without islet cell tumors. Both groups 
had similar prevalences of renal cysts, retinal angiomas, and 
pancreatic cysts (67%, 50%, and 33%, respectively, in the 
group with islet cell tumors and 52%, 41%, and 45%, respec- 
tively, in the group without islet cell tumors). The patients 
with pancreatic islet cell tumors had higher prevalences of 
renal cell carcinomas (67% vs 31%) and pheochromocytomas 
(33% vs 7%) but a lower prevalence of CNS hemangioblas- 
tomas (33% vs 72%) than those patients without pancreatic 
islet cell tumors. The patients with islet cell tumors were 
unrelated, representing six different families. 

Of the six islet cell tumors, there were three islet cell 
adenomas (cases 1-3) and three islet cell carcinomas (cases 
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4-6). The diagnoses of adenoma in cases 1 and 2 (Fig. 1) 
and of carcinoma in cases 4 and 5 (Figs. 2 and 3) were 
confirmed microscopically. The diagnosis of adenoma in case 
3 was based on the CT findings (Fig. 4) and inspection and 
palpation of the pancreas at surgery. The diagnosis of carci- 
noma in case 6 was based on the angiographic findings of an 
extensive, vascular, malignant-appearing pancreatic mass 
with retroperitoneal metastases. The tumor was unresectable 
and the patient died 18 months later. An autopsy was not 
performed. 

Only two of the six patients had presenting signs or symp- 
toms referable to the pancreas. One patient had pancreatitis 
(case 5) and another had a palpable mass (case 6). In the 
remaining four patients the pancreatic tumor was an incidental 
finding. No patient presented for evaluation of endocrine- 
related symptoms. Only cases 4 and 5 had full endocrine 
biochemical studies, and in both cases the studies were 
normal at the time the islet tumor was diagnosed. Case 5 did 
develop hepatic metastases 2 years after resection of the 
primary tumor. Symptoms due to hypoglycemia had devel- 
oped and serum insulin levels had increased. Diabetes mellitus 
developed late in the course of disease in case 6, which may 
have been because of replacement of the pancreas by the 
extensive neoplasm. 

Pheochromocytomas were found to coexist with islet cell 
tumors in two (33%) of the six patients (cases 3 and 4). Both 
pheochromocytomas were unilateral and of adrenal origin. 
One patient had a pituitary prolactinoma (case 4). The clinical 
and imaging findings of these six patients are summarized in 
Table 1. 

Of the six tumors, only one could not be identified on 
retrospective review of the imaging studies. This was a 9-mm 
islet cell adenoma (case 2). The CT appearance of the other 
five tumors was variable. Three had typical CT findings of 
islet cell tumors. Case 3 had a 1-cm densely enhancing 
adenoma in the body of the pancreas (Fig. 4). Case 4 had a 
large, centrally calcified and peripherally enhancing carcinoma 
in the body of the pancreas with adjacent adenopathy (Fig. 
2). Case 5 had a low-density, poorly defined mass in the tail 
of the pancreas on the unenhanced CT scan with a tiny fleck 
of calcification centrally. Contrast-enhanced CT demonstrated 


Fig. 1.—Islet cell adenoma (case 1). 

A, Transverse sonogram shows hypoechoic 
mass in pancreatic tail (arrow). SV = splenic 
vein. 

B, Delayed CT scan after IV contrast enhance- 
ment shows inhomogeneous mass in tail of pan- 
creas. Note small flecks of calcification (arrow- 
heads). 
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Fig. 2.—Islet cell carcinoma (case 4). 

A, Transverse sonogram shows large mass with hyperechoic center (arrows) in body of pancreas. 

B, Contrast-enhanced CT scan shows centrally calcified enhancing mass in body of pancreas. 

C, T1-weighted MR scan (500/20) shows large mass to be isointense to hypointense with respect to liver. 


Fig. 3.—Islet cell carcinoma (case 5). 

A and B, Unenhanced (A) and contrast-en- 
hanced (B) CT scans show mass in tail of pan- 
creas with small fleck of calcification (arrow). 
Enhancement is inhomogeneous. Splenomegaly 
and upper abdominal collateral veins (seen at 
other levels) suggested splenic vein occlusion. 

C, ERCP shows abrupt obstruction of other- 
wise normal main pancreatic duct in tail of gland 
(arrow). 

D, Arteriogram shows encasement of distal 
splenic artery (arrowheads). At surgery, five sep- 
arate islet cell carcinomas were found in tail of 
gland. Vascular encasement and splenic vein 
thrombosis were confirmed. 





inhomogeneous enhancement with central low-density areas 4 and 5, Figs. 2 and 3) were studied with sonography. All 

Suggestive of necrosis or cystic change (Fig. 3). The CT three were found to be hypoechoic and poorly defined. The 

appearances of the other two tumors were less typical. large central calcifications in one of the carcinomas (case 4) 
One adenoma (case 1, Fig. 1) and two carcinomas (cases were well demonstrated with sonography. 
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Discussion 


The visceral manifestations of von Hippel—Lindau disease 
are protean, with over 20 distinct tumors described [1, 2, 
16]. Autopsy studies have shown pancreatic cysts to be one 
of the most common manifestations of the disease, occurring 
in over 70% of patients [1]. These cysts are often multiple 
and can replace and enlarge the entire gland [4, 5]. Though 
pancreatic cysts are usually asymptomatic, exocrine and en- 
docrine pancreatic insufficiency has been considered a result 
of polycystic changes of the pancreas [12, 17, 18]. A small 
percentage of patients with von Hippel—Lindau disease have 
been found to have pancreatic serous cystadenomas that 
sometimes can be confused with multiple small simple cysts 
[19]. These tumors are usually clinically insignificant, and only 
one case of malignant transformation has been reported [20]. 





Fig. 4.—Islet cell adenoma (case 3). Contrast-enhanced CT scan shows 
small enhancing lesion in body of pancreas (arrow). Note small cysts 
(arrowheads) in neck of pancreas. 
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Solid tumors of the pancreas also occur in von Hippel- 
Lindau disease. Pancreatic ductal adenocarcinoma is quite 
rare in this disorder, reported only once previously [21]. There 
are case reports of highly vascular pancreatic masses in 
patients with von Hippel—Lindau disease [4, 16, 21-23]. 
These highly vascular tumors have been labeled hemangioen- 
dothelioma [16], hemangioblastoma [21, 22], or angioma 
[22], but in light of the frequency of islet cell tumors in our 
study (17%) and the extreme rarity of hemangiomatous tu- 
mors of the pancreas [24, 25], we question whether at least 
some of these masses may have been islet cell tumors. 

Previous reports have documented the occurrence of both 
benign and malignant islet cell tumors in von Hippel—Lindau 
disease [1, 9-16]. There were three benign and three malig- 
nant islet cell tumors in our series. The functional state of 
these tumors can be quite variable. The majority of the tumors 
in our series were nonfunctioning clinically; in only one case 
was there laboratory evidence of hormonal overproduction. 
Overproduction of vasoactive intestinal polypeptide, gluca- 
gon, calcitonin, insulin, or pancreatic polypeptide has been 
reported in patients with von Hippel—Lindau disease and islet 
cell tumors [9, 10, 12, 13, 15]. 

The occurrence of islet cell tumors in von Hippel—Lindau 
disease is of practical as well as theoretical interest. The 
surprisingly high frequency (17%) of these tumors in our series 
indicates that a solid pancreatic mass found on a screening 
examination of a patient with von Hippel—Lindau disease is 
likely to be an islet cell tumor. Features that if present might 
suggest the islet cell origin of a solid pancreatic mass include 
evidence of hypervascularity and the presence of calcifica- 
tions within a solid pancreatic tumor [26]. In our series, three 
of the six islet cell tumors had typical radiologic findings, 
including dense enhancement and central calcification in a 
solid pancreatic mass. 

Pheochromocytomas occur in 10-20% of patients with von 
Hippel—Lindau disease [1, 16], and occurred in four (11%) of 


TABLE 1: Clinical and Radiologic Findings in Six Patients with von Hippel-Lindau Disease (VHLD) and Islet Cell Tumors 








Case Age Family Abdominal Basis of Endocrine Associated Associated 
No (years) Sex History Imaging Studies Diagnosis Diagnosis Biochemical Tries Pancreatic 
l of VHLD Studies Abnormalities 
1 43 F Yes Sonography, CT ICA Excision Not performed RCC, RA None 
2 26 F No Sonography, CT ICA Excision Not performed RCC, RA, CHB Cysts, ser- 
ous cyst- 
adenoma 
3 28 F Yes CT ICA CT; surgical Not performed RCC, Pheo, Cysts 
inspection CHB 
4 29 F Yes Sonography, CT, ICC? Biopsy Normal Pheo, RCC, pi- None 
MR tuitary pro- 
lactinoma 
5 36 M Yes Sonography, CT, ICC” Excision Increased insu- Hepatic cyst Pancreatitis 
ERCP, angiog- lin 
raphy 
6 57 M Yes CT, angiography ICCS Angiog- Not performed RA, CHB Endocrine 
raphy insuffi- 
ciency 
(DM) 


AS NS I EES bE SEE SE SS ee ee SS ene 
Note.—Case 2 was reported previously by Hardwig and Robertson [14]. ICA = islet cell adenoma; RCC = renal cell carcinoma; RA = retinal angiomatosis; CHB 
= CNS hemangioblastoma; Pheo = pheochromocytoma; ICC = islet cell carcinoma; DM = diabetes mellitus. 


* Included adenopathy and vascular invasion. 
P Included vascular invasion and hepatic metastases. 
© Included vascular invasion and retroperitoneal metastases. 
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our series of 35 patients. Interestingly, patients with von 
Hippel-Lindau disease and islet cell tumors probably have an 
increased prevalence of pheochromocytoma. Of the six such 
patients in our series, two pheochromocytomas (33%) were 
found. In the 29 patients with von Hippel—Lindau disease but 
without islet cell tumors, only two pheochromocytomas (7%) 
were found. Of the 11 previously published cases of patients 
with von Hippel—Lindau disease and islet cell tumors, seven 
pheochromocytomas (63%) were found. The coexistence of 
these two endocrine tumors in patients with and without von 
Hippel-Lindau disease [9, 27] suggests an overlap of the 
multiple endocrine neoplasias. These were originally distin- 
guished into two distinct entities: multiple endocrine neopla- 
Sia, type | (pituitary and parathyroid adenomas and pancreatic 
islet cell tumors), and multiple endocrine neoplasia, type II 
(parathyroid adenoma, medullary thyroid cancer, and pheo- 
chromocytoma). Interestingly, one of our patients (case 4) 
with both an islet cell tumor and a pheochromocytoma also 
had a prolactin-secreting pituitary adenoma. To the best of 
our knowledge this is the first report of a pituitary adenoma 
in a patient with von Hippel-Lindau disease and may further 
suggest an overlap of the multiple endocrine neoplasia syn- 
dromes. 
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Book Review 


Advances in Hepatobiliary Radiology. Edited by Joseph T. Ferrucci and Didier G. Mathieu. St. Louis: Mosby, 


448 pp., 1990. $89 


This book provides excellent summaries of selected topics of 
hepatobiliary imaging in which significant advances in knowledge, 
technology and equipment, and techniques have been made recently. 
Three quarters of the book is devoted to the liver and the rest to the 
biliary tree. 

The part on the liver is divided into five sections. The first is 
devoted to diagnosis of vascular concerns. It includes a comprehen- 
sive and multitechnique-oriented chapter on Budd-Chiari syndrome 
and a chapter on Doppler imaging of portal and splanchnic flow, 
which is easy to follow, albeit sophisticated and complete. The second 
section is devoted to diagnosis of neoplasms. It starts with a superb 
chapter on the CT-pathologic correlation of liver tumors. This is 
followed by a beautiful chapter on how vascularity influences the 
sonographic patterns of liver metastases. These two chapters dem- 
onstrate the maturity that CT and sonography have reached in 
diagnosis of liver tumors. They are followed by an extensive chapter 
on MR imaging of liver neoplasms that describes the current advances 
of this technology and indicates the problems, as well as the potential, 
for future developments. An interesting chapter on cavernous hem- 
angioma of the liver approaches this common clinical problem sensi- 
bly, with a description of the contributions of various diagnostic 
techniques and decision strategies. The section is closed by another 
multitechnique approach to the early diagnosis of hepatocellular 
carcinoma in which the extensive Japanese experience with this 
tumor is described. 

The third section deals with staging of liver neoplasms. The bulk 
of it is taken up by a chapter on the role of imaging in hepatic 
resections, which contains some good diagrams and cross-sectional 
images of high didactic value. The second topic is a brief but succinct 
and informative chapter on intraoperative sonography of liver tumors. 
In a section on special entities, a chapter on CT of liver trauma reflects 
the crucial role of this technique in hepatic injury, a role that only a 
few years ago was still under debate. Similarly, the role of imaging in 
medical and surgical advances that presently are being established 
is described in the next chapter on imaging the complications of liver 
transplantation. The part on the liver concludes with an interventional 
section of two informative and exciting chapters on chemoemboliza- 
tion of liver malignancies and percutaneous alcohol ablation of liver 
tumors. 


The second, smaller part of the book, on the biliary tract, is divided 
into two sections: diagnostic and interventional topics. It starts with 
a comprehensive multitechnique chapter on diagnosis of tumors of 
the gallbladder and bile ducts. This is followed by a chapter on 
intrahepatic and extrahepatic duct lithiasis, in which the best is made 
of sonography and CT. Finally, an older technique is revived for use 
in the newest development of treating the biliary system: a new look 
at gallstone imaging in the era of nonoperative therapy. The section 
on interventional topics contains two up-to-date chapters on tech- 
niques and complications of interventions to relieve malignant and 
benign biliary obstruction. In the last two chapters, the new tenden- 
cies for treatment of gallstones are presented, with a description of 
the present state of percutaneous techniques in dissolution of gall- 
stones and a preview of biliary lithotripsy. 

The shortcomings of this book are in the format. The topics are 
interesting but rather loosely connected. The underlying theme is, 
indeed, advances in the field. Even those who do not appreciate this 
approach will find the book interesting and useful. All the chapters 
are succinct, and they provide a significant wealth of information, as 
well as clinical wisdom from well-respected authorities on the field. 
Although mainly Franco-American, the international composition of 
the 49 contributors provides a worldwide contribution to the hepa- 
tobiliary system. 

The publication is of the highest quality, and although the book 
originally was published in French, this expanded edition does not 
seem like a translation. The reproduction of figures is superb. Al- 
though a mismatch of the figures appeared in an early printing, this 
was corrected promptly by the publisher, with a recall of the defective 
volumes. 

In summary, this is a valuable addition to hepatobiliary imaging and 
could be seen as an adjunct to Friedman's Radiology of the Liver, 
Biliary Tract, Pancreas and Spleen (Williams & Wilkins, 1987). It will 
be useful not just to hepatobiliary radiologists but to all radiologists 
and other specialists who deal with the hepatobiliary system. 


Vassilios Raptopoulos 
University of Massachusetts Medical Center 
Worcester, MA 01655 
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Percutaneous Ethanol Injection 
Therapy for Neoplasms Located 
on the Surface of the Liver 





There has been a reluctance to perform percutaneous ethanol injection therapy on 
lesions located on the surface of the liver because of the possibility of complications. 
We treated 16 lesions located on the surface of the liver in 14 patients by percutaneous 
ethanol injection and evaluated the complications and efficacy. Bleeding and seeding 
of malignant cells did not occur in any case. However, transient pain after injection of 
ethanol was more intense in these patients than in those whose lesions were not on the 
surface of the liver. Histopathologic examinations, imaging findings, and decrease in 
the serum alpha-fetoprotein levels showed that percutaneous ethanol injection was 
effective for tumors located on the surface of the liver. 

Our experience suggests that percutaneous ethanol injection can be performed safely 
even when lesions are located on the surface of the liver. 
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Percutaneous ethanol injection therapy has recently attracted a great deal of 
attention in the treatment of liver neoplasms [1-8]. Histopathologic examinations 
have revealed that most tumors become completely necrotic after treatment [3]. 
Although the procedure is safe, there has been a reluctance to perform it on lesions 
located on the surface of the liver because of the possibility of bleeding. Biopsy of 
hepatocellular carcinomas without the needle passing through the liver parenchyma 
frequently causes a bleeding complication; thus, hypervascular tumors located on 
the surface of the liver are thought to be a contraindication for direct biopsy [7, 9- 
12]. Also, necrosis of tumors located on the surface might cause bleeding even if 
the tumors are punctured via interposing normal liver tissue [3]. 

We describe our experience in percutaneous ethanol injection of lesions located 
on the surface of the liver. 


Subjects and Methods 


From December 1985 to November 1989, percutaneous ethanol injection was performed 
414 times on 111 lesions in 77 patients with liver neoplasms. Among them, 16 lesions in 14 
patients were located on the surface of the liver. Percutaneous ethanol injection was 
performed on those lesions 60 times. 

The 14 patients with surface lesions comprised 13 men and one woman 31-72 years old 
(average age, 59 years). Among the 14 patients, 12 had hepatocellular carcinoma, one had 
liver metastasis from colonic cancer, and one had malignant lymphoma in the liver. Liver 
cirrhosis was diagnosed in 11 patients. According to the classification of Child [13], five were 
in class A and six were in class C; chronic hepatitis was diagnosed in another patient and 
the remaining two had normal liver. The platelet counts ranged from 46 to 233 x 10°/ul 
(average, 125 x 10°/ul). The prothrombin time ranged from 37.7% to 89.7% (average, 62.9%). 
Absence of ascites was confirmed with sonography. Informed consent was obtained from 
each patient. 

The lesions ranged from 12 to 50 mm in diameter (average, 30 mm). Ten lesions located 
on the anterior surface of the liver were punctured directly without the needle passing through 
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the liver parenchyma. Two lesions reached both the anterior and 
inferior surfaces of the liver; these also were punctured with no 
normal liver tissue interposed between the surface and the lesions. 
Two lesions were adjacent to the diaphragm, and the remaining two 
were on the inferior surface of the liver. 

Commercially available 21-gauge, 15- or 20-cm needles (Hanaco, 
Tokyo), suitable for sonographic guidance, were used for the tumor 
punctures. In the case of non-Hodgkin lymphoma, ethanol injection 
was performed once under sonographic guidance and once under 
peritoneoscopic observation. In the other cases, ethanol was always 
injected under sonographic guidance. 

In most cases, 2-8 ml of 99.5% absolute ethanol were injected 
into the tumor at one or more locations in one treatment session. 
The injection was performed two or three times per week until the 
sum of the injected ethanol reached the intended volume. The general 
guideline for the total volume of injected ethanol was calculated 
according to the following formula: 


V = 4/3x(r + 0.5)° (ml), 


where V is the volume of ethanol and r (cm) is the radius of the lesion. 
However, the volume and number of injections were modified de- 
pending on patient compliance, lesion location, contrast-enhanced 
CT findings after therapy, and treatment goal. In eight of the 14 
cases, ethanol injection was performed as a curative treatment. There 
were three or fewer lesions and all of the lesions were treated by 
ethanol injection. In the remaining six cases, ethanol injection was 
performed palliatively. In those cases, only the main lesion or lesions 
were treated by ethanol injection to reduce the tumor burden, and 
some lesions were left untreated. In those cases, the total volume of 
ethanol injection into each lesion tended to be small in proportion to 
the size of the lesion. 

The degree of transient pain after ethanol injection was compared 
between 32 procedures performed in eight patients with surface 
lesions and 28 procedures performed in eight patients with lesions 
inside the liver. In those procedures, the needle was withdrawn 
immediately after the injection. Volumes of ethanol injected in one 
treatment session were not different between the two patient groups. 
In patients with surface lesions, 3.6 + 1.2 (mean + SD) ml of ethanol 
was injected in one treatment session, whereas in patients with 
lesions inside the liver, 3.5 + 1.0 (mean + SD) ml of ethanol was 
injected. In order to evaluate the degree of the pain, we used a five- 
point grading scale: 0 = no pain; 1 = mild pain; 2 = moderate pain; 
3 = severe pain; 4 = very severe pain requiring painkillers [14]. Each 
patient was asked to describe his or her pain on the pain scale after 
each injection. Differences in the degree of pain were examined by 
ridit analysis [15]. 


Results 


No major complications occurred that required special treat- 
ment. Findings suggesting massive hemorrhage, such as 
decreased hemoglobin level and echo-free fluid regions, were 
not encountered in any case. Moreover, no findings suggest- 
ing intraperitoneal hemorrhage were seen at laparotomy or 
autopsy in seven histopathologically examined cases. 

In the patient in whom the injection was performed under 
laparoscopic observation, ethanol was injected directly into 
the surface lesion, without the needle passing through the 
liver parenchyma. Although CT with bolus enhancement had 
shown the lesion to be hypervascular, only a small amount of 
bleeding was observed at the puncture sites after the injection 
of ethanol, which ceased within a few minutes. Incidentally, 
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although a considerable amount of ethanol was observed to 
flow back into the peritoneal cavity, the patient did not feel 
any pain. 

Other serious complications, such as seeding of malignant 
cells, were not encountered in any case. 

Transient pain after injection of ethanol was significantly 
more intense in the treatment of surface lesions than in the 
treatment of lesions inside the liver (p < .01). The degree of 
pain after the injection was scored as 2 in 18 procedures and 
as 3 in the remaining 14 procedures performed in patients 
with surface lesions, whereas the degree was scored as 0 in 
six procedures, as 1 in one procedure, as 2 in 16 procedures, 
and as 3 in the remaining five procedures performed in 
patients with lesions inside the liver. 

Ethanol injection was effective in treating lesions located 
on the surface of the liver. The efficacy was evaluated histo- 
pathologically in seven cases. The lesion was completely 
necrotic in five cases and 90% necrotic in the remaining two 
cases. In four other cases, angiography 3-6 months after 
ethanol injection showed no tumor stain in any case. In the 
remaining three cases, CT scans 1-3 months after ethanol 
injection showed no enhancement of the lesion after IV ad- 
ministration of contrast material. 

Two of the 14 cases had elevated levels of serum alpha- 
fetoprotein (more than 100 ng/ml); the levels decreased in 
both cases after ethanol injection. 


Discussion 


In this study, 16 lesions located on the surface of the liver 
were treated by percutaneous ethanol injection and possible 
complications and efficacy were evaluated. The treatment 
caused no serious complications. Bleeding, which may be the 
most likely complication in the treatment of lesions located on 
the surface of the liver, did not occur. This may be because 
the puncture needle has a small diameter (0.8 mm) and 
because absolute ethanol has a strong hemostatic effect. 
Injected ethanol immediately causes thrombosis in vessels in 
the treated areas [7]. To our knowledge, only two cases of 
intraperitoneal bleeding after ethanol injection have been re- 
ported. One was not caused by the puncture itself but by 
necrosis of the lesion [3]. The other was due to injury of a 
vessel in the omentum [7]. Neither of these lesions was 
located on the surface of the liver. Seeding of malignant cells 
did not occur in any case, probably because absolute ethanol 
immediately injures these cells [7]. 

Transient local pain after the injection of ethanol was more 
intense when the treated lesions were located on the surface 
than when they were located deep inside the liver. This 
appeared to be due to reflux of the injected ethanol into the 
peritoneal cavity, because pain decreased when puncture 
needles were left in place for several minutes in order to 
reduce the reflux. 

Histopathologic results, imaging findings, and decreased 
serum alpha-fetoprotein levels showed ethanol injection was 
effective in treating tumors located on the surface of the liver. 

Our experience suggests that percutaneous ethanol injec- 
tion can probably be performed safely to treat lesions located 
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on the surface of the liver. Further evaluation, however, is 
necessary because the number of the subjects was not large 
enough to prove that this procedure is risk-free, or that 
complications such as bleeding will not occur [16]. 
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Book Review 





Interventional Ultrasound. Edited by John P. McGahan. Baltimore: Williams & Wilkins, 274 pp., 1990. $59.50 


The editor of this book has assembled a renowned group of 
radiologists with expertise in sonography to cover interventional 
sonographic techniques from the head to the extremities. The result 
is an excellent book about this subspecialty. Initial chapters cover 
interventional principles, instrumentation, guidance systems, and as- 
piration techniques. Preparation of the patient is discussed, as is the 
selection of needles for optimizing biopsy results. The text then 
proceeds from intraoperative cranial and spinal sonographic tech- 
niques to the neck and parathyroids. Chapters on the chest are 
devoted to interventional ultrasound of the breast and thorax and to 
interventional echocardiography. The abdomen is thoroughly ad- 
dressed, from intraoperative techniques through percutaneous ap- 
proaches to all the viscera. The genitourinary system also is dis- 
cussed in detail, including approaches to the upper urinary tract for 
biopsy or drainage, transrectal sonographic guidance for prostate 
biopsy, and transvaginal guidance techniques. A thorough chapter 
on obstetrics covers amniocentesis, chorionic villus sampling, per- 
cutaneous umbilical blood sampling and transfusion, and fetal inter- 
ventional techniques. Finally, ultrasound-guided abscess drainage is 
given ample space, as is ultrasound-guided intervention in the extrem- 
ities. 

The contributors have refrained from a parochial approach to 
ultrasound and discuss adjunctive techniques such as CT and fluo- 


roscopy when these are necessary and useful. For example, though 
it is stated that percutaneous nephrostomy can be performed in its 
entirety with ultrasound alone, a nephrostogram after placement of 
the drainage catheter is recommended as routine. Most chapters also 
discuss the sonographic appearance of the pathologic process being 
approached, and many address pitfalls that may be encountered, 
complications and their management, and handling of any specimens 
obtained. 

Illustrations are numerous and of excellent quality. Multiple dia- 
grams also are used to illustrate instruments and techniques. Refer- 
ences for each chapter vary from adequate to exhaustive, and each 
list contains current articles. If any fault can be found with this text, 
it is perhaps the omission of a detailed discussion of Doppler imaging 
as a useful technique in intervention. However, in all other aspects, 
this book is comprehensive and up to date in dealing with the subject 
of interventional ultrasound. It should be a highly useful addition to 
the library of any radiologist involved in interventional ultrasound. It 
is also significant enough in its scope to warrant inclusion in general 
medical libraries and radiology departmental libraries. 
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Oriental Cholangiohepatitis: 
Sonographic Findings in 48 Cases 





Oriental cholangiohepatitis is characterized by recurrent attacks of abdominal pain, 
fever, chill, and jaundice and grossly dilated extrahepatic and intrahepatic ducts con- 
taining soft, pigmented stone and pus. Sonograms were studied in 48 patients in whom 
the diagnosis was later proved during surgery (n = 34) or on the basis of clinical and 
laboratory findings and endoscopic retrograde cholangiography (n = 14). The sono- 
graphic findings included intrahepatic and/or extrahepatic bile duct stones (n = 47); 
moderate to severe dilatation of the extrahepatic ducts with relatively mild or no 
dilatation of intrahepatic bile ducts (n = 41); localized dilatation of the lobar or segmental 
bile ducts, especially the left hepatic lobe (n = 16); and gallstones (n = 22). 

Our experience suggests that the preoperative diagnosis of oriental cholangiohepa- 
titis can be strongly suggested by sonographic findings. 
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Oriental cholangiohepatitis, which is also known as oriental cholangitis, recurrent 
pyogenic cholangitis, or intrahepatic pigmented stone disease, is characterized by 
formation of intrahepatic pigmented stone with recurrent exacerbation and remis- 
sions of abdominal pain, frequently associated with jaundice, chills, and fever [1- 
4]. Stones are usually muddy and claylike and are often multiple, packing the 
intrahepatic and extrahepatic ducts with casts [1, 2, 5]. These stones are clearly 
different from stones originating in the gallbladder in western people [3, 4, 6, 7]. 

Oriental cholangiohepatitis is now being encountered with increasing frequency 
in western societies, especially in the United States [5, 6, 8, 9], largely as a result 
of the increased immigration from Asian countries. Quick and correct diagnosis is 
vital because unfamiliarity with the disease usually leads to a delayed or missed 
diagnosis, which may prove fatal in fulminant cases [9]. Initial surgery without 
drainage of the biliary tract eventually necessitates more surgery consisting in 
some form of permanent biliary tract decompression [4, 9]. 

Cholangiographic findings [5, 10-12] and sonographic and CT findings [6, 8, 9, 
13-16] of oriental cholangiohepatitis have been reported sporadically, but studies 
are limited. Because sonography is the best technique for primary, noninvasive 
evaluation of the biliary tree, we describe sonographic findings in patients with 
oriental cholangiohepatitis and discuss the clinical role of sonography. 


Materials and Methods 


The study group was composed of 48 patients with oriental cholangiohepatitis who 
underwent sonography and subsequently underwent surgery or endoscopic retrograde 
cholangiography between January 1987 and June 1989. There were 19 men and 29 women: 
the average age was 50 years (range, 20-80 years). During the same period, 14 patients 
with oriental cholangiohepatitis who had had biliary surgery were excluded from this study. 
Approximately 50 additional patients with probable oriental cholangiohepatitis were studied 
with sonography, but these diagnoses were not confirmed with surgery or cholangiography. 
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The diagnosis of recurrent pyogenic cholangitis was made on the 
basis of surgical findings (n = 34) such as soft bile-pigmented stones, 
biliary “mud” and/or pus, or presence of the following features (n = 
14): (1) one or more attacks including any two of the following 
symptoms—upper abdominal colic, fever, and jaundice; (2) serum 
alkaline phosphate level of at least 1.5 times the upper normal limit; 
and (3) endoscopic retrograde cholangiographic findings of oriental 
cholangiohepatitis [5, 10-12], such as a filling defect caused by a 
stone in the extrahepatic and/or intrahepatic bile ducts, dilatation of 
the extrahepatic duct and the major intrahepatic ducts in association 
with acute peripheral tapering, decreased arborization, right angle 
branching pattern, and straightening and rigidity or irregular narrowing 
and beading of the bile ducts. 

Sonograms were obtained with a 3.5-MHz transducer on commer- 
cially available real-time scanners (Toshiba SSA-90A, SAL-55A or 
SAL-20A, Tokyo). Sonographic abnormalities were analyzed on the 
basis of initial interpretation. 

Stone was considered present when an echogenic focus with or 
without shadowing was seen within the dilated bile ducts, or when 
an echogenic focus with shadowing was seen within the liver paren- 
chyma. The extrahepatic ducts were considered normal if they were 
less than 6 mm in diameter at the common hepatic duct. The ducts 
were considered mildly dilated when the diameter was 7-10 mm, 
moderately dilated when the diameter was 11-15 mm, and markedly 
dilated when the diameter was over 16 mm. The intrahepatic bile 
duct was considered dilated if the diameter of the duct was equal to 
or wider than half of the diameter of the accompanying portal venous 
branches. 


Results 


Sonography showed a stone or stones in the bile duct in 
47 cases (98%). The stone was in only the extrahepatic ducts 
(Figs. 1 and 2) in 20 cases (42%), both intrahepatic and 





Fig. 1.—45-year-old woman with pain in right upper abdomen and jaundice. During surgery, three 
muddy stones were evacuated. Bile culture disclosed Streptococcus faecalis. 
A, Parasagittal sonogram shows a shadowing stone within dilated common bile duct, which casts an 


acoustic shadow. Two other stones were present. P = portal vein. 


B, Cholangiogram shows three stones with marked dilatation of extrahepatic ducts and mild dilatation 
of right and left hepatic ducts. Segmental ducts are slightly dilated, showing acute peripheral tapering 


and rigidity. Arborization is decreased. 
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extrahepatic ducts in 20 cases (42%), and only intrahepatic 
ducts (Figs. 3 and 4) in seven cases (15%). In one case, 
sonography did not show a stone that was within the extra- 
hepatic duct. Intrahepatic stones were in both the right and 
left intrahepatic ducts in nine cases, in only the right intrahe- 
patic duct in one case, and in only the left intrahepatic duct 
in 17 cases; among these 17 cases, the stones were in the 
lateral segmental ducts in 13 cases. 

The stones were echogenic with shadowing (Figs. 1 and 4) 
in 36 cases (77%) and without shadowing (Fig. 2) in six cases 
(13%). In five cases (10%), some stones cast a shadow but 
the other stones did not cast a shadow in the same patient 
(Fig. 3). Among the 40 extrahepatic stones, 10 stones (25%) 
did not cast a shadow. 

Of a total of 48 cases, 46 cases (96%) showed bile duct 
dilatation. Forty-one (85%) cases showed dilatation of the 
extrahepatic ducts (Figs. 1 and 2). The extrahepatic ducts 
were mildly dilated in 18 cases, moderately dilated in 10 
cases, and markedly dilated in 13 cases. In the remaining 
seven cases (15%), the extrahepatic ducts were not dilated. 

The intrahepatic bile ducts were dilated in 38 cases (79%). 
In general, the intrahepatic bile ducts, proximal to the seg- 
mental ducts, were minimally dilated or not dilated at all. In 
16 cases, intrahepatic bile duct dilatation was limited to the 
left hepatic lobe, especially the lateral segmental ducts (n = 
12) harboring stones (Fig. 3). The intrahepatic ducts were not 
dilated in 10 cases. 

Dilatation of the extrahepatic ducts was not related to the 
location of the stones. The extrahepatic ducts, both proximal 
to and distal to the stone, were dilated diffusely (Fig. 2). 
However, localized dilatation of the intrahepatic bile ducts, 
especially the lateral segmental ducts of the left hepatic lobe, 





Fig. 2.—55-year-old woman with pain in 
right upper abdomen associated with fever and 
chill. She had similar attacks 3 years and 2 
months before. During surgery, a dark yellow- 
ish stone measuring 3 cm was removed from 
common bile duct. Transverse sonogram 
shows oval nonshadowing stone (open arrow) 
within dilated intrapancreatic common bile 
duct (arrowheads). Bile ducts, both proximal 
and distal to stone, are dilated diffusely. V = 
inferior vena cava, A = aorta. 
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Fig. 3.—49-year-old woman with pain in right upper abdomen and fever. She had similar attacks 10 
years and 3 years before. During surgery, three dark green stones were removed. 
A, Transverse sonogram of left hepatic lobe discloses shadowing stones (open arrows) filling 


dilated lateral segmental duct. 


B, Midline longitudinal sonogram of left lobe discloses shadowing stones (curved arrows) and a 


nonshadowing stone (open arrow). D = dilated bile duct. 


was closely related to the location of the stones (Fig. 3). 
Gallstones were present in 22 cases, and hepatic abscess 
was present in two cases. 


Discussion 


As sonography is frequently the first technique used to 
examine patients with oriental cholangiohepatitis, radiologists 
must recognize the varied appearances of oriental cholan- 
giohepatitis in order to suggest the diagnosis and recommend 
additional study to verify the diagnosis [7]. Our results sug- 
gest that oriental cholangiohepatitis can be suspected on the 
basis of its sonographic appearance in the appropriate clinical 
setting. 

Presence of a stone or stones in the intrahepatic bile 
ducts—especially the lateral segmental ducts of the left he- 
patic lobe—with or without extrahepatic stones in oriental 
persons, suggests oriental cholangiohepatitis, which was 
present in 56% of the patients we saw. In the rest, a stone 
was present only within the extrahepatic ducts. In these 
patients, it was extremely difficult to distinguish oriental cho- 
langiohepatitis from bile duct stones originating in the gall- 
bladder. The sonographic detection rate of stones varies from 
13% to 63% [17-19]. The high detection rate (98%) in this 
series is probably due to inherent bias in selection of case 
material because we selected the patients who underwent 
sonography, which showed stones in the bile ducts in all but 
one case; these results were later confirmed by surgery and/ 
or endoscopic retrograde cholangiography. The patient with 
oriental cholangiohepatitis who has a stone or stones in the 
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Fig. 4.—48-year-old man with biliary colic. 
During surgery, multiple small muddy stones 
were removed from extrahepatic ducts. Chole- 
cystectomy and choledochojejunostomy were 
performed. One month later, he was readmitted 
for a similar attack of abdominal pain. A subcos- 
tal sonogram of right hepatic lobe shows shad- 
owing stones (open arrows) filling posterior seg- 
mental duct. Bile ducts in rest of liver were 
moderately dilated, and common bile duct was 
dilated (10 mm). RPV = right branch of portal 
vein. 


bile ducts usually has surgery, and endoscopic retrograde 
cholangiography is indicated as a “road map” in the patient 
with a sonographically visualized stone. We failed to show a 
stone in the common bile duct in one patient, but the stone 
was shown by endoscopic retrograde cholangiography and 
confirmed at surgery. Other cases in which stones did not 
show on sonography were inadvertently eliminated from this 
study. 

Virtually all of the intrahepatic biliary stones (95%) cast a 
shadow. Intrahepatic stones that did not cast a shadow were 
not detected when the bile duct was not dilated. Conversely, 
25% of extrahepatic biliary stones did not cast a shadow. 
This is more or less the same result as previously reported 
[13]. Sometimes one stone cast a shadow but another stone 
in the same patient did not cast a shadow. 

Dilatation of the extrahepatic ducts and large intrahepatic 
ducts such as the right and left hepatic ducts was observed 
in the majority (85%) of patients. The small intrahepatic ducts 
proximal to the segmental ducts were relatively mildly dilated 
or not dilated [13, 14]. In one group of patients (33%), lobar 
or segmental bile ducts, especially the lateral segmental duct 
of the left hepatic lobe, were dilated because of an impacted 
stone that caused fibrotic stricture. 

Usually, dilatation of the extrahepatic bile ducts is not 
related to the location of stones. In general, the extrahepatic 
ducts, both proximal and distal to the location of stone, were 
dilated diffusely. The cause of the diffuse dilatation has been 
discussed. Repeated obstruction and inflammation may lead 
to progressive ductal destruction and loss of elasticity [14]. 
In addition, inflammatory stricture of the ampulla of Vater 
caused by irritation by stone and/or excessive secretion of 
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mucus caused by cholangitis appear to impede the passage 
of bile, creating diffuse bile duct dilatation. 

Differential diagnosis from cholangitis in patients with gall- 
stones passed into the extrahepatic duct, occurring in west- 
ern people, is very difficult. The stone passed into the extra- 
hepatic bile duct from the gallbladder will usually result in 
dilatation mainly proximal to the stone [20]. In oriental cholan- 
giohepatitis, conversely, the extrahepatic bile ducts, both 
proximal to and distal to the stone, are dilated diffusely 
regardless of the level of the stone [12]. This pattern of bile 
duct dilatation is very difficult, although not impossible, to 
recognize with sonography. This is evident on endoscopic 
retrograde cholangiography. In clonorchiasis, small intrahe- 
patic bile ducts dilate diffusely but the extrahepatic ducts are 
normal or only slightly dilated [21]. In choledochal cyst, the 
dilated bile duct is segmental and saccular rather than diffuse, 
as in Caroli disease with intrahepatic duct stones [22]. 

Sonographers sometimes encounter extrahepatic bile duct 
dilatation in the absence of stone or tumor. Presumably the 
sonographer might have missed a stone or tumor. However, 
in an endoscopic retrograde cholangiographic study [23], 
approximately 15% of the cases of oriental cholangiohepatitis 
occurred without stone. In such cases, by excluding a mass 
along the bile duct throughout and confirming dilatation of the 
entire extrahepatic ducts down to the ampulla of Vater by 
meticulous sonographic examination, a sonographer can sug- 
gest oriental cholangioheptitis and recommend further diag- 
nostic tests. 

Concomitant occurrence of gallstone in patients with ori- 
ental cholangiohepatitis has not been discussed in detail. 
Chau et al. [13] reported that 72% of patients with oriental 
cholangiohepatitis had gallstone disease. In our series, gall- 
stones were present in 46%. Such a high frequency of con- 
comitant gallstone in patients with oriental cholangiohepatitis 
may be explained by the same mechanism as oriental cholan- 
giohepatitis, that is, repreated infection of bile within the 
gallbladder with resultant formation of stones [3, 4]. 

In conclusion, oriental cholangiohepatitis should be consid- 
ered when characteristic sonographic findings including an 
intrahepatic and/or an extrahepatic bile duct stone with or 
without a gallstone, a dilated extrahepatic duct with minimal 
or no dilatation of intrahepatic ducts, or localized bile duct 
dilatation within the left hepatic lobe are seen in the appropri- 
ate clinical setting in an oriental person. 
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Technical Note 





Novel Nitinol Basket Instrument for Percutaneous 


Cholecystolithotomy 


Constantin Cope’ 


Standard Dormia and Segura stone baskets function well 
in narrow channels, such as ureters and bile ducts, but are 
often ineffectual for retrieving mobile calculi from hollow or- 
gans such as the gallbladder. Soft braided wire baskets are 
difficult to use because they tend to collapse when twisted or 
pushed against the visceral wall. 

An improved instrument, specifically designed for retrieving 
gallstones through a cholecystostomy tract, has been used 
successfully for over a year. It has a more springy, less 
collapsible nitinol wire basket and a large working channel for 
introducing lithotripsy devices and endoscopes. 


Materials and Methods 


This basket instrument, which was designed specifically for use in 
the gallbladder, consists of coaxial 12-French and 16-French, 20-cm- 
long stainless steel cannulas. A 4 x 7 cm basket made of four or six 
nitinol wires is attached to the distal tip of the inner cannula, which 
has a 9-French instrument channel (Fig. 1). Nitinol wires are made of 
a noncorrosive, superelastic, nickel-titanium alloy that can exhibit 
thermal-shaped memory properties when properly annealed. The 
outer cannula is advanced over the inner cannula to crush stones 
caught in the basket and to decrease the capacity of the basket in 
order to retrieve smaller calculi and fragments. The four-wire basket 
can capture stones as large as 3 cm. The instrument is introduced 
through a 16-French or larger cholecystostomy sheath. Because the 
basket is kink resistant, supple, and has a round atraumatic tip, it 
can be advanced end-on against the gallbladder wall or bent at right 
angles without losing its capability to retrieve stones. By applying 
intermittent suction to the inner cannula, stone fragments can be 
hydraulically moved into range for basketing. If a gallstone is too large 
and hard to be broken up by standard basketing techniques, it can 
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be reduced to smaller fragments within the basket by electrohydraulic 
lithotripsy with a 5-French electrode catheter introduced to touch the 
stone through the instrument channel. Once the stones have been 
removed under fluoroscopic monitoring, a rigid ureteroscope (R. Wolf, 
Rosemont, IL) is introduced into the instrument channel to inspect 
the gallbladder mucosa and to retrieve smaller fragments that may 
have been missed on cholecystography or confused with clots or 
debris. These can be promptly extracted under endoscopic guidance 
with the inlying cannula basket. 

The nitinol basket has been used during the past year to facilitate 
gallstone extraction in 15 patients via the subhepatic approach. It is 
especially useful for quickly retrieving medium-sized stones or stone 
fragments. Standard stone baskets are still used, however, to retrieve 
cystic duct stones and small stones, which are difficult to snare in 
the large nitinol basket. 


Discussion 


Standard stone baskets are not really suited for use in the 
gallbladder because they are designed to capture stones 
laterally through their widest diameter. They can, therefore, 
be difficult to use when they cannot be aligned in parallel with 
certain stone-bearing parts of the gallbladder wall. The soft 
wire basket, such as the Hawkins-Burhenne (Cook, Inc., 
Bloomington, IN), is also often ineffective because it collapses 
very easily when it is twisted within the gallbladder. 

These problems have been largely overcome with the use 
of the nitinol basket, which has kink resistance and excellent 
memory characteristics that allow it to retain its geometry 
even after it is repeatedly deformed by twisting or by flexing 
it at right angles (Fig. 2). Its soft round tip also can be pushed 
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end-on atraumatically against the mucosa to capture stones, 
a maneuver that is impossible with the standard sharp-tipped 
Dormia baskets. Because the basket is 7-cm long and very 
supple, it can be used to sweep the fundus, body, and neck 
of the gallbladder with equal ease just by slightly changing 
the direction of the stiff hollow stem, which itself stays within 
the subhepatic cholecystostomy tract cannula at all times. 
The four-wire basket has been found to be very effective in 
retrieving stones in the 5- to 10-mm range with very little 
fluoroscopy, just by sweeping various stone-bearing areas of 
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Fig. 1.—12-French nitinol basket 
cannula with coaxial 16-French cannula 
above. 


Fig. 2.—Nitinol basket does not col- 
lapse when bent at right angle. 


the gallbladder. The six-wire basket is better for snaring 
smaller calculi. The combination of a nitinol basket with a 
large instrument channel for irrigation, lithotripsy, and endos- 
copy is a substantial technical improvement for rapidly break- 
ing up and retrieving stones from the gallbladder. 
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Color Doppler Sonography of the 
Hepatic Artery and Portal Venous 
System 





Color Doppler sonography is an important noninvasive diagnostic tool for detecting 
abnormalities of the hepatic vasculature in patients with diffuse liver disease. To study 
its usefulness in these cases, we retrospectively reviewed the findings in 147 patients 
with abnormal portal venous color Doppler sonograms. This group comprised all patients 
with abnormal portal venous color Doppler sonograms studied from February 1987 to 
July 1989. Correlative imaging was not available in all cases. The sonographic diagnoses 
included (1) portal venous thrombosis (50 patients, 93 vessels); (2) portal-systemic or 
portal-portal collaterals (80 patients, 95 collaterals); (3) reversed, bidirectional, or other 
abnormal portal venous flow patterns (36 patients); and (4) abnormal hepatic arterial 
flow (20 patients). Since the results reported derive from a retrospective review without 
consistent correlation with other imaging studies, no appraisal of the sensitivity or 
accuracy of portal color Doppler-sonography could be made from our data. 

The ability of color Doppler sonography to visualize flow without altering hemody- 
namics has led to several novel observations in these patients. These include increased 
arterial flow in states of low portal blood flow, reversal of portal flow direction postpran- 
dially, coincident reversed and hepatopetal flow in different branches of a single portal 
vein, and normal helical portal venous flow. These and other findings show that color 
Doppler sonography has enhanced our ability to detect abnormalities of the hepatic and 
portal venous system. 
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Conventional spectral Doppler sonography yields valuable anatomic and func- 
tional information in patients with chronic liver disease and portal hypertension [1- 
4]. Color Doppler imaging, by passively superimposing Doppler information on the 
gray-scale image as a color flow map [5], facilitates detection of vessels that can 
be missed with gray-scale or even conventional Doppler sonography [6]. In addition, 
color Doppler sonography shows flow direction and flow patterns in real time. This 
adds physiologic information without altering hemodynamics with the injection of 
contrast material. Because of these advantages, we decided to study the use of 
color Doppler sonography in hepatic vascular abnormalities. 


Materials and Methods 


We analyzed the findings on 147 abnormal hepatic and portal venous color Doppler 
sonograms selected retrospectively from 734 consecutive examinations performed from 
February 1987 to July 1989. No other selection or exclusion criteria were used. As clinical 
indications varied, no uniform scanning protocol was used. Thus, it is certain that some 
abnormalities were missed. 

The color Doppler instruments used were the QAD 1 Angiodynography system (Quantum 
Medical Systems, Issaquah, WA) and the Model 128 Computed Sonography system (Acuson, 
Mountain View, CA). Both gray-scale and color Doppler imaging were performed on the QAD 
1 unit with linear-array transducers operating at 3, 5, and 7.5 MHz. Gray-scale imaging on 
the Acuson 128 unit was done with 2- and 3-MHz 28-mm-aperture phased-array sector 
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transducers and a 5-MHz 38-mm-aperture linear phased-array trans- 
ducer. Doppler frequencies for color imaging were 2.5, 3.5, and 3.5 
MHz, respectively. 

Early in our experience, a preliminary gray-scale examination was 
often performed seeking collaterals, clot, and other abnormalities. 
Later, color Doppler sonography was used from the start, since 
collateral vessels may be difficult or even impossible to visualize 
otherwise (Fig. 1). Positioning for color Doppler examination was 
similar to that for conventional spectral portal venous Doppler 
examination [1-3]. 

Findings in the 147 examinations with portal venous abnormalities 
included the following: (1) portal venous thrombosis, (2) portosys- 
temic and portoportal collaterals, (3) abnormal flow patterns, and (4) 
associated changes in hepatic arterial flow. As angiographic or other 
correlation was available in only a few of these patients, no compar- 
ative standard was available. This means the data could not be used 
to assess accuracy or other statistical measures. Despite the lack of 
independent validation, it seems likely that the findings were accurate, 
since there is ample evidence that conventional spectral [2-4] and 
color Doppler [4] imaging correlate well with portal angiography. 


Diagnostic Criteria 


Portal venous thrombosis was diagnosed when (1) no intravascular 
color-coded flow was detected, (2) an adequate Doppler scan angle 
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and acoustic access were obtained, and (3) flow could be readily 
demonstrated in other, generally smaller vessels at a comparable 
depth and angle of insonation. The presence of intraluminal echoes 
on gray-scale images was considered supportive, but not diagnostic, 
of thrombosis. Collateral vessels were sought. Because scanning 
protocols varied from patient to patient depending on the indication 
for each study, the data could not be used to assess either the 
prevalence of collaterals or the sensitivity of color Doppler sonogra- 
phy in detecting collaterals. 

Abnormal flow direction was diagnosed when flow was hepatofugal 
or bidirectional. Optimal color Doppler sensitivity was obtained by 
using a relatively low pulse repetition frequency, which can result in 
aliasing. Since aliasing occasionally mimics flow reversal (Fig. 2), care 
was taken to use an adequate sampling rate when flow reversal was 
diagnosed. Spectral Doppler was also used in questionable cases. 
Hepatic arterial abnormalities associated with portal venous disease 
included increased arterial flow (increased diameter, conspicuity, and 
mean frequency shift) and tortuous, enlarged arteries. 


Results 
Portal Venous Thrombosis 


Venous thrombosis was detected in 50 patients (93 ves- 
sels). Occlusion was related to a malignant neoplasm in 19 
patients: hepatocellular carcinoma in 13, metastatic adeno- 


Fig. 1.—Omental collaterals. 

A, Transverse gray-scale sonogram of right up- 
per abdomen just below liver edge. No obvious 
abnormalities are visible. 

B, Identical frame with color Doppler display 
switched on. Prominent omental collaterals (ar- 
rows) are seen easily. 

This image pair illustrates value of color Doppler 
imaging in identifying collaterals that are either 
difficult or impossible to see on gray-scale images. 


Fig. 2.—Aliasing simulates reversed flow. 

A, Longitudinal oblique image of main portal 
vein. Both blue and red are detected within main 
portal vein, suggesting possibility of flow reversal. 
This image was obtained with a low pulse repeti- 
tion frequency. 

B, Longitudinal oblique image with identical pa- 
rameters, but with a higher pulse repetition fre- 
quency. This image confirms hepatopetal flow. 
Blue display is related to aliasing from inadequate 
sampling (low pulse repetition frequency). 
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carcinoma in two, pancreatic carcinoma in two (splenic vein 
only), and one each with cholangiocarcinoma and AIDS-re- 
lated lymphoma. Associated conditions detected in 14 other 
patients included septic portal thrombosis (pylephlebitis) in 
four (Fig. 3), pancreatitis in three, end-to-side portacaval shunt 
in three, endoscopic esophageal sclerotherapy in two, and 
one patient each with ascending cholangitis (Fig. 4) and a 
gunshot wound. No cause could be detected in the remaining 
17 patients, although 12 of them had known alcoholic liver 
disease and/or cirrhosis. 

Many patterns of thrombosis occurred. Five-vessel throm- 
bosis (main, right, and left portal; splenic and superior mes- 
enteric veins) was noted in two patients. The main, right, and 
left portal veins were clotted in 16 patients. One patient each 
had thrombosis of the main and right portal veins and the 
main portal, right portal, and splenic veins. 


Fig. 3.—Partial thrombosis and recanalization 
in pylephlebitis. Transverse images of right portal 
vein in a patient with septic portal thrombosis 
(pylephlebitis) from perforated appendicitis. 

A, Moderate amount of clot is noted in right 
portal vein. Persistent hepatopetal flow is seen 
around clot near periphery of vein (arrows). 

B, Transverse image 9 days later reveals almost 
total recanalization. A small area of persistent 
thrombus is noted (arrow). 

Follow-up at 6 weeks revealed complete reca- 
nalization. Although this patient received antico- 
agulative therapy, many cases of septic portal 
venous thrombosis completely recanalize without 
anticoagulative therapy. 
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Single-vein thrombosis was noted in 30 patients. The main 
portal vein was clotted in 17 patients, the left portal vein was 
clotted in six, and the right portal vein was clotted in four. 
The splenic vein was clotted in three patients. 

Incomplete vascular occlusion was found in 11 patients (25 
vessels). All but one had associated conditions including 
hepatocellular carcinoma in two; pylephlebitis in three (Fig. 3); 
endoscopic variceal sclerotherapy in two; and one each with 
AIDS-related lymphoma, ascending cholangitis (Fig. 4), and 
pancreatitis. Cavernous transformation of the portal vein was 
noted in five patients (not counted in the 50 patients listed 
above). Small clotted vessels, perhaps representing a main 
portal vein remnant, were noted in two patients. Two patients 
had associated gallbladder varices (Fig. 5). One had collaterals 
in the left portion of the lesser omentum (gastrohepatic 
ligament). 
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Fig. 4.—Partial thrombosis in pyogenic ascending cholangitis. Longitudinal oblique images of 
main portal vein. 

A, Gray-scale image shows main portal vein. While some echoes are noted within vessel, this 
image does not suggest thrombosis. 

B, Identical frame with color Doppler display activated. Fresh clot can be hypoechoic or anechoic. 
Color Doppler highlights clot by showing flow channels around it. This patient had complete 
thrombosis of left portal vein (PV) and incomplete occlusion of right portal vein. PHA = proper (right) 
hepatic artery, IVC = inferior vena cava. 


Fig. 5.—Gallbladder varices. Transverse color 
Doppler sonogram shows gallbladder varices. This 
patient had a thrombosed portal vein and hepato- 
petal collaterals involving gallbladder wall 
(straight arrows). Note thickening of gallbladder 
wall (curved arrow). 
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Collateral Vessels 


Collateral portal veins were detected in 80 patients (95 
collaterals). Forty patients had paraumbilical collaterals (Fig. 
6). Superficial abdominal varices, extending caudally from 
enlarged paraumbilical veins, were detected in 32 of these 40 
patients. These superficial collaterals were generally small. In 
six patients, these were larger than 1.0 cm. In these six, there 
was a tendency to form tortuous variceal masses that resulted 
in spectacular, swirling color Doppler sonograms (Fig. 7). 
Coronary (left gastric) venous collaterals, which are usually 
(about 80%) associated with esophageal varices [7], were 
found in 16 patients. Perisplenic/retroperitoneal collaterals 
were seen in 10 patients, three of whom had spontaneous 
splenorenal shunts (Fig. 8). Short gastric varices were de- 
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tected in 11 patients (including four with splenic vein clot). 
Nine patients had hepatopetal collaterals in the hepatoduo- 
denal ligament. Presumably, all nine had portal vein throm- 
bosis, but specific evidence of portal vein clot was identified 
in only four. Gallbladder varices were present in four of these 
nine patients, two with cavernous transformation of the portal 
vein and two with portal vein thrombosis. 

Four examples of retroperitoneal varices and three patients 
with omental varices (Fig. 1) were encountered. In one patient, 
a paraumbilical vessel had unusual hepatopetal flow into an 
intrahepatic left lobe varix. Ten patients had enlarged paraum- 
bilical veins in combination with other portal collaterals. Two 
patients each had reversed coronary vein flow, perisplenic 
collaterals, and short gastric collaterals. One patient had each 
of the following additional collaterals: gallbladder varices, 


Fig. 6.—Budd-Chiari syndrome. 

A, Longitudinal color Doppler sonogram shows 
enlarged paraumbilical vein with hepatofugal flow 
(arrows). When hepatic venous outflow is ob- 
structed, portal system frequently serves as de- 
compressive conduit, conveying blood from liver. 

B, Transverse color Doppler sonogram of right 
portal vein shows flow reversal, coded blue (ar- 
row). Association of flow reversal in right portal 
vein and hepatofugal flow in enlarged paraumbili- 
cal veins is common. 


Fig. 7.—Collaterals, right lower quadrant. This 
large superficial abdominal collateral forms vari- 
ceal masses. Complex swirling blood flow is dis- 
played. These large collaterals were invisible on 
physical examination. No bruit was detected. 


Fig. 8.—Spontaneous splenorenal shunt. Lon- 
gitudinal coronal image with patient lying in right 
lateral decubitus position. Reversed flow is noted 
in splenic vein (straight solid arrow). Perisplenic 
varices (curved arrows) are depicted clearly. 
These varices communicate with dilated left renal 
vein (open arrows). Color Doppler study shows 
flow reversal at a glance and facilitates detection 
of collaterals. 
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gallbladder plus short gastric varices, hepatoduodenal liga- 
ment varices, and retroperitoneal varices. An 11th patient had 
reversed coronary vein flow and perisplenic collaterals. 


Abnormal Flow Patterns 


Abnormal flow patterns were encountered in 36 patients. 
Reversed, hepatofugal flow was the most frequent abnor- 
mality (Fig. 9), seen in 27 patients (40 vessels). One patient, 
with a spontaneous splenorenal shunt, had reversed flow in 
four vessels: the right, left, and main portal veins and splenic 
vein (Fig. 8). In four patients, flow was reversed in the main, 
right, and left portal veins. No collaterals were detected in 
those patients. Two patients had flow reversal in both the 
right and left portal veins. One had an end-to-side portacaval 
shunt. The other had clot in the main portal vein. 

Twenty patients had reversed flow in a single vein—12 in 
the right portal vein, seven in the left portal vein, and one in 
the splenic vein. Seven of 12 patients with reversed right 
portal vein flow had enlarged paraumbilical veins (Fig. 6). Six 
of these seven patients had portal hypertension. The other 
had Budd-Chiari syndrome. One patient with reversed right 
portal vein flow had undergone an end-to-side portacaval 
shunt. Another also had reversed coronary vein flow. Of the 
seven patients with reversed left portal vein flow, two had 
associated esophageal varices. No associated collaterals 
were seen in four of 12 patients with right portal vein reversal, 
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five of seven patients with left portal vein reversal, and in the 
single patient with reversed splenic vein flow. 

Alternate hepatopetal and hepatofugal bidirectional phasic 
flow was seen in four patients. This abnormality was seen 
once in the main portal vein and three times in the left portal 
vein as alternating red and blue color Doppler images (Fig. 
10). No attempt was made to correlate the changes with 
cardiac or respiratory cycles. 

In one patient, hepatopetal flow was seen in one branch of 
the right portal vein and hepatofugal flow in another branch 
(Fig. 11). In another patient, reversed left portal vein flow 
reverted to hepatopetal flow after the patient ate. 

Static flow was diagnosed in one patient. This patient had 
a dilated lateral segmental branch of the left portal vein that 
appeared “pinched off” near its origin from the main left portal 
vein. Rouleau formation was seen on gray-scale images, but 
no color or spectral Doppler signal could be detected. Con- 
trast-enhanced CT showed opacification of this vessel, con- 
firming patency. Another flow-pattern abnormality was oscil- 
lating flow in three patients with tricuspid regurgitation. The 
marked decreased or reversed flow seen in these patients in 
systole was visible on both color and spectral Doppler images 
(Fig. 12). 

No attempt was made to enumerate patients with slow 
flow. Subjectively decreased flow velocity was present in 
many patients. Analysis would have required prospective 
recording of angle-corrected velocities, unavailable in this 
retrospective study. 
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Fig. 9.—Flow reversal and arterialization of he- 
patic blood supply after end-to-side portacaval 
shunt. Transverse color Doppler sonogram of right 
portal vein in patient with end-to-side portacaval 
shunt. Portal venous flow is presumably main- 
tained by arterioportal shunts, because main portal 
vein has been surgically disconnected. Flow is 
reversed in main and right portal veins (coded 
blue) and in posterior segmental branch of right 
portal vein (coded red, curved arrow). Note prom- 
inent hepatic arteries with aliased flow display 
(straight arrows), a pattern we call arterialization 
of hepatic blood flow. Aliasing is present because 
of high-frequency shift (proportional to flow veloc- 
ity), presumably related to this high-flow state. 


portal vein. 


Fig. 10.—Biphasic portal flow. Transverse color Doppler images of portal hypertension in left 


A, During systole, hepatopetal flow (coded red) is seen in left portal vein. Prominent, aliased 
arterial flow is noted (arrows). This is another example of the pattern we call arterialization. 

B, In diastole, hepatofugal flow (coded blue) is present. Slow flow, biphasic flow (as seen here), 
and flow reversal are stages in continuum of disease in severe portal hypertension. This patient is 
“balanced” between hepatopetal and hepatofugal flow. 
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Fig. 11.—Regional flow reversal. Transverse 
image of right portal vein, right anterior oblique 
position. Hepatofugal flow, color-coded blue 
(straight arrow), is seen in one branch of right 
portal vein and hepatopetal flow, color-coded 
red (curved arrow), in another branch of right 
portal vein. This combination of simultaneous 
reversed and antegrade portal flow in different 
branches of right portal vein probably represents 
a local variation in severity of cirrhosis, leading 
to different sinusoidal pressures in adjacent re- 
gions of liver. 


most normal persons. 


Hepatic Arterial Changes 


A qualitative assessment of the hepatic arterial pattern was 
made when possible. Increased arterial conspicuity, diameter, 
and frequency shift (proportional to velocity) was the most 
frequent abnormality (14 patients, Figs. 9 and 10). Twelve of 
14 patients had portal venous findings suggestive of dimin- 
ished portal blood supply to the liver. Five patients had portal 
vein clots, four exhibited reversed flow, two had end-to-side 
portacaval shunts, and one had (subjectively) very slow portal 
flow. The two remaining patients had a diagnosis of portal 
hypertension, but showed no portal venous abnormalities. 

In six patients the hepatic artery had a “corkscrew” ap- 
pearance on color Doppler sonography. This term was used 
to describe a recurrently tortuous intrahepatic arterial branch 
(Fig. 13). This was noted near the right portal vein in five 
instances and the left portal vein in one. Three of these 
patients had shrunken, cirrhotic livers, and three other pa- 
tients had either normal or enlarged livers. 


Discussion 


Portal blood flow physiology is complex and incompletely 
defined even by invasive “gold standard” techniques such as 
angiography and percutaneous portal venography [1-3, 8- 
14]. Less invasive techniques like contrast-enhanced CT and 
MR imaging can detect collaterals [15, 16] and portal clot 
(16, 17] but provide little dynamic flow information. Angiog- 
raphy and CT require injection of intravascular contrast ma- 
terial, which alters hemodynamics nonphysiologically. Con- 
ventional Doppler sonography is noninvasive and correlates 
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Fig. 12.—Tricuspid regurgitation. Oblique lon- 
gitudinal spectral Doppler sonogram of main por- 
tal vein. Note flow reversal in systole (arrow), 
unlike minor cardiac variations in flow seen in 
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Fig. 13.—Corkscrew hepatic artery. Magnified 
transverse image in region of right portal vein. A 
large tortuous hepatic artery is detected. Aliasing 
is present because of high-flow state and vessel 
tortuosity. This appearance is analogous to cork- 
screw arterial changes seen angiographically in 
patients with cirrhosis. This finding is shown non- 
invasively by color Doppler imaging. 


well with portal angiography [2-4, 8, 13, 17, 18]. Thus, 
spectral Doppler has been recommended to screen patients 
with suspected portal venous abnormalities [5-7]. 

Color Doppler sonography offers significant advantages 
over conventional spectral Doppler. It passively and automat- 
ically depicts blood flow in real time. This allows quick diag- 
nosis of abnormal hepatofugal flow, which may be the only 
sign of portal hypertension. Color Doppler sonography can 
detect collaterals invisible on gray-scale images (Fig. 1) [6]. 
Potentially confusing flow patterns can be analyzed effectively 
with color Doppler sonography. An example is normal helical 
flow (Fig. 14A), in which blood coils up the portal vein in a 
twisting, swirling, yet consistently hepatopetal direction. Hel- 
ical flow can simulate reversed flow on conventional Doppler 
sonography. Real-time color Doppler sonography prevents 
confusion and reveals the true situation quickly and reliably 
(Figs. 14B and 14C). 

Despite its advantages, portal venous color Doppler sonog- 
raphy has certain limitations. Acoustic access to some regions 
is limited by gastrointestinal gas, occasionally obscuring some 
vessels and collaterals. Truly static flow potentially can mimic 
anechoic clot if our criteria for portal clot are not carefully 
applied. Static flow was recognized only once in our series. 
Usually, portal flow is not static, but bidirectional in very low 
flow states. 


Portal Venous Thrombosis 


Portal venous thrombosis was noted in 50 patients. In 17 
patients, no cause was determined, as is often the case [19, 
20]. Interestingly, 12 of these 17 patients had liver disease 
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Fig. 14.—Helical flow. 

A, Longitudinal oblique color Doppler image of main portal vein. Alternating blue and red pattern represents normal helical flow in portal venous system. 
Blood flows in hepatopetal direction, spiraling up in flow helix. This type of flow may create interpretive difficulties on conventional Doppler sonograms. 

B and C, Longitudinal oblique spectral Doppler sonograms of main portal vein. Depending on sample volume placement, flow appears either hepatofugal 
or hepatopetal. Color Doppler sonography is essential in understanding variants of normal flow, such as helical flow. 


and portal hypertension. Although it has been suggested that 
there is a low prevalence of clot in patients with portal 
hypertension (about 1%) [21], recent surgical and direct ven- 
ographic evidence suggests that this may be a significant 
underestimate [22]. 

We have found color Doppler sonography superior to gray- 
scale and spectral Doppler imaging in diagnosing partially 
occluded vessels. Clot detection by gray-scale imaging is 
difficult when the thrombus is hypoechoic [8]. Color Doppler 
sonography highlights clot by displaying flow around it (Fig. 
5). Small residual flow channels are displayed automatically. 
They are much harder to detect with spectral Doppler, since 
flow must be sought by actively moving the small sample 
volume throughout the image. 

Incomplete occlusion may occur with partial thrombosis 
(common with neoplastic invasion) or thrombolytic recanali- 
zation. Recanalization cannot be differentiated from partial 
occlusion on a single examination. In two patients, one with 
pylephlebitis and one who had undergone endoscopic scle- 
rotherapy, progressive recanalization was documented on 
serial examinations (Fig. 3). Portal clot associated with en- 
doscopic sclerotherapy is a recently recognized complication. 
It is probably related to reflux of sclerosant from the injected 
varices into the adjacent splanchnic veins [22]. 

Cavernous transformation, related to main portal venous 
clot, was noted in five patients. All had prominent hepatopetal 
portal collaterals. Associated findings included gallbladder 
varices (two patients) and medial hepatoduodenal collaterals 
(one patient). We noted a phenomenon that may be a precur- 
sor to cavernous transformation. Several patients with main 
portal venous clot had small acute hepatopetal portal collat- 
erals that were invisible on gray-scale sonograms. Similar 
collaterals have been described [14]. These acute collaterals 
may persist and enlarge when portal clot persists, eventuating 
in cavernous transformation. 


Portal Venous Collaterals 


Detection of portal collaterals, present in one-third of cir- 
rhotic patients [23], may prompt diagnosis of unsuspected 
portal hypertension, or reinforce it when suspected. Demon- 
stration of collaterals is clinically useful in patients with unex- 
plained jaundice, ascites, or upper gastrointestinal bleeding 
[24, 25]. Some portosystemic collaterals (splenorenal shunts 
[26], paraumbilical veins [27]) may diminish the risk of hem- 
orrhage from esophageal varices by diverting portal venous 
blood flow. Detection of such “protective” collaterals may 
alter surgical management [4]. 

Superficial peritoneal collaterals (Figs. 6 and 8) were noted 
extending caudally in 32 of 40 patients with enlarged paraum- 
bilical veins. Color Doppler imaging with higher-frequency 
linear transducers facilitated detection of both these vessels 
and enlarged paraumbilical veins. These superficial peritoneal 
collaterals may be injured during peritoneoscopy or laparot- 
omy, precipitating life-threatening hemorrhage [28]. We rec- 
ommend preprocedure color Doppler sonography to detect 
and localize these veins in patients with suspected liver 
disease. 


Flow Abnormalities 


Normally, hepatopetal flow is present throughout the portal 
venous system. Reversed flow (27 of 36 patients) was the 
most frequent abnormality. Reversed flow in certain vessels 
appears to be associated with specific collaterals. Seven of 
12 patients with isolated reversed right portal venous flow 
had hepatofugal flow through an enlarged paraumbilical vein 
(Fig. 6). Of seven patients with isolated reversed flow in the 
left portal vein, two had flow reversal in the coronary vein. 
Three of four patients with reversed flow in the splenic vein 
had splenorenal collaterals. 
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Flow reversal in the main portal vein occurred less often 
than reversal in either the right or left portal veins. Of five 
patients with main portal vein flow reversal, four had portal 
hypertension without evidence of collaterals. All five had 
coincident flow reversal in the left and right portal veins. One 
patient had a spontaneous splenorenal shunt (Fig. 8). 

When flow in the main portal vein is reversed, blood flowing 
in the intrahepatic portal veins must originate from the hepatic 
arteries [29, 30] via arterioportal shunts. Two types of arter- 
ioportal shunts have been identified. Transsinusoidal shunting 
occurs when blood flows between the hepatic arterioles and 
portal venules at the hepatic lobule level (perisinusoidal portal 
triads) [31]. Arterioportal shunting also may occur via enlarged 
centrally located vasa vasorum communications [32]. Trans- 
vasal arterioportal communication usually results in hepato- 
petal flow whereas transsinusoidal communication usually 
results in reversed flow. Reversal of main portal venous flow 
occurs frequently with Budd-Chiari syndrome [31] and after 
side-to-side portacaval shunts [29]. Reversed or stagnant 
flow may occur after surgical [8, 10, 18] or spontaneous [16] 
splenorenal shunts and with cirrhosis [11, 30, 31]. Of our five 
patients, one had a spontaneous splenorenal shunt and the 
remaining four had no detectable collaterals. These four may 
have had undetected collaterals, most likely retroperitoneal 
or splenorenal. 

Other flow abnormalities included bidirectional flow and 
static blood flow. Bidirectional phasic flow (four patients) 
presumably represents a near equilibrium between hepato- 
petal and hepatofugal flow. On color Doppler sonograms, flow 
was alternately coded red and blue, reflecting the phasic 
change in flow direction (Fig. 10). Static flow, unclotted blood 
without a Doppler signal, was documented in one patient. 

Another abnormality was transient flow reversal in the 
portal veins of three patients with tricuspid regurgitation 
(White EM et al., presented at the annual meeting of the 
Radiological Society of North America, November 1988). On 
real-time color Doppler sonography, this was imaged as color 
reversal. The spectral time-velocity waveform (Fig. 12) also 
displayed this pattern well. The mechanism of this phenome- 
non is not understood. It may be related to transient increased 
sinusoidal pressure from cardiac systole. 


Associated Hepatic Arterial Patterns 


Two striking abnormal hepatic arterial patterns were dis- 
covered. One was enlarged tortuous arteries (Fig. 13), similar 
to the well-known angiographic finding in cirrhosis, corkscrew 
arteries [29]. Corkscrew arteries have been reported only in 
shrunken livers. Despite this, three of six patients with this 
color Doppler pattern had either normal or enlarged livers. 

Another striking pattern, which we call “arterialization” of 
the hepatic blood supply, was noted in 14 patients (Figs. 9 
and 10). Arterialization was diagnosed when hepatic arteries 
were conspicuously larger in diameter and had higher, usually 
aliased, frequency shifts compared with normal hepatic arter- 
ies. Arterialization is probably more common than our data 
suggest, because it is likely that only the most obvious 
examples were detected in this retrospective review. 
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As portal venous flow to the liver decreases, arterial flow 
increases, both in animals [33] and humans [29, 32, 34], 
presumably as a homeostatic mechanism to maintain hepatic 
perfusion. It seems reasonable to expect arterialization to 
occur when net portal blood flow is decreased. 

Arterialization was not observed in most cirrhotic patients. 
In cirrhosis, portal blood flow is maintained at nearly normal 
levels until the disease is quite advanced [34, 35]. Increased 
arterial flow would be expected only after large collaterals 
and/or reversed portal flow have developed—when net portal 
flow is negative. Other patients, either (1) in whom the main 
portal vein is occluded or interrupted (e.g., main portal vein 
thrombosis, surgical portosystemic shunts) or (2) who have 
reversed portal flow, might be expected to exhibit arteriali- 
zation. In these situations, portal flow is maintained by the 
arterial blood supply via the arterioportal shunts already de- 
scribed [30, 31]. The validity of these concepts was supported 
empirically by the portal abnormalities found in patients with 
arterialization. The main portal vein was occluded in seven 
patients, five by thrombosis and two after end-to-side porta- 
caval shunts. Four patients had reversed portal venous flow. 

Color Doppler sonography observes and records flow in 
real time. Transient alterations in flow dynamics and pulsatility 
can be observed, without affecting flow patterns. This is 
curently impossible with other imaging methods, and empha- 
sizes the potential of color Doppler sonography as a powerful 
research and clinical tool. Novel observations, such as simul- 
taneous hepatopetal and reversed flow in different branches 
of the right portal vein (Fig. 11), bidirectional phasic flow (Fig. 
10), and change in portal flow direction postprandially, illus- 
trate this potential. Although further validation and compari- 
son with other imaging techniques are needed, our data show 
that color Doppler sonography is an effective means for 
evaluating the physiology and pathology of the portal venous 
system. 
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Book Review 


Exercises in Diagnostic Imaging. For MRCP and Other Postgraduate Examinations. By Conall J. Garvey, Graham 
H. Whitehouse, and Richard M. Mendelson. Boston: Butterworths, 170 pp., 1989. $34.95 


This work is a series of review questions and answers based on 
nearly 80 cases ranging throughout the entire spectrum of diagnostic 
imaging. As such, it is a short but excellent review of topics in 
diagnostic imaging based on the reader's observations of the images 
provided. The authors are all from the British Commonwealth, and 
the book is intended for physicians studying for the Member of the 
Royal College of Physicians (MRCP) examination. However, as a 
casebook this text provides a survey of general diagnostic radiology 
for candidates for examinations of the American Board of Radiology. 
Although most cases rely on plain radiographs for diagnosis and 
discussion, appropriate use is made of nuclear and cross-sectional 
imaging, including sonography, CT, and MR imaging. 

The cases are of diseases familiar to radiologists from teaching 
conferences, and the quality of the illustrations, although not excel- 
lent, usually is sufficient for the findings to be observed and thus 
adequate for the purposes of the book. The reader may have difficulty 
seeing the small vessel abnormalities in the case of polyarteritis 
nodosa (Plate 33) and the pericardial calcification (Plate 57). The 
questions asked by the authors are appropriate to lead the reader to 
review the case as if he or she were consulting with a colleague or 
discussing a case on the Board examination. The authors’ answers 
and discussions for each case are remarkably succinct and pertinent, 
and therefore the book is quite useful for anyone needing a rapid 
review of clinical imaging. Several of the cases, notably that of 
lymphoma examined by lymphography, have short discussions of the 
relative usefulness of different imaging examinations, which may 
make life easier for radiologists trying to explain efficacy to their 
Clinical colleagues. 


lf this work has any shortcomings, perhaps they have to do with 
the difficulty in distilling such a vast amount of information into such 
a short book. Therefore the authors have been forced to make some 
controversial oversimplifications ex cathedra without further discus- 
sion. For example, | think that most vascular radiologists would be 
surprised to read that, in referring to the aorta, “negative CT essen- 
tially excludes dissection” (p. 98) or that “angioplasty in renal artery 
stenosis is seldom an effective procedure” (p. 110). In fact, most of 
the recent advances in interventional radiology are not discussed 
here; however, it clearly was not the authors’ intent to do so. 

Unlike other reviews of diagnostic imaging, such as Gamuts in 
Radiology, by Felson and Reeder, this is a case collection with 
readable discussions. As with any case collection, it is not compre- 
hensive, but taken as a whole it provides valuable insights into how 
a radiologist should approach the actual images and correlate them 
with the pathologic findings. The satisfaction of solving the diagnostic 
puzzles presented by the authors gives a sense of satisfaction and 
reinforces the reasons why many of us chose radiology as a specialty 
in the first place. 

This is not so much a book as it is an inexpensive, portable 
teaching file. It is highly recommended reading material on that long 
plane flight to Louisville taken by our senior residents every spring. 


Ethan M. Braunstein 
Indiana University Hospital 
Indianapolis, IN 46223 
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Intrahepatic Portosystemic Venous Shunt 


Jae Hyung Park,' Sang Hoon Cha, Joon Koo Han, and Man Chung Han 


Among numerous variations of communications between 
the portal and systemic venous circulations, intrahepatic 
shunts between portal and systemic veins have seldom been 
described [1, 2]. Recently we encountered an intrahepatic 
portosystemic venous shunt directly connecting the right 
portal vein to the inferior portion of the vena cava. We describe 
our case and discuss 14 other previously published cases [1- 
10]. 


Case Report 


A 51-year-old man with a history of diabetes mellitus and liver 
cirrhosis was admitted to Seoul National University Hospital because 
of altered mental status. He had been a habitual alcohol drinker for 
the past two decades despite a 10-year history of diabetes mellitus 
and liver cirrhosis. Two days before admission, he ate protein-rich 
food, which induced the altered mental status. 

On physical examination in the emergency department, signs of 
liver cirrhosis were observed such as spider angioma on his face and 
anterior chest and flapping tremor on hyperextension of the wrist. 
Emergent blood tests suggested uncontrolled diabetes mellitus. 
Treatment for hyperosmolar coma did not improve the patient's 
mental status as much as expected. Endoscopy revealed grade II 
variceal changes in the lower esophagus. 

Abdominal sonography to exclude a hepatic cause of altered 
mental status revealed an unusual tubular structure connecting the 
right portal vein to the vena cava in the posterior segment of the right 
lobe (Fig. 1A). Underlying chronic liver disease was found also. 

Abdominal CT confirmed the sonographic findings. The unusual 
portosystemic shunt ran posteriorly from the right portal vein to the 
posterior surface of the liver and turned medially to enter the inferior 
vena Cava just below the insertions of the hepatic veins (Figs. 1B and 
1C). 

Arteriography with the catheter tip at the common hepatic artery 
showed a tortuous, corkscrew appearance of the peripheral branches 
of the hepatic artery, suggesting advanced liver cirrhosis. In the 
venous phase of superior mesenteric arteriography, the shunt was 
clearly visualized, just as it was with sonography and CT. The shunt 
was 1.5 cm in diameter and was tubular intrahepatically and irregular 
and beaded at the posterior surface of the liver before entering the 
inferior vena cava (Fig. 1D). 
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Selective hepatic venograms showed the hepatic veins to be 
relatively small, and inferior venacavograms showed normal patency 
with an inflow defect just below the hepatic vein insertions that was 
caused by the shunt. 

General treatment, including dietary control, improved the patient's 
mental status and he was discharged. 


Discussion 


To our knowledge, a total of 14 cases of portohepatic 
venous shunt have been reported [1-10] since the initial 
report of congenital intrahepatic shunt by Doehner et al. [1] 
in 1956. In most reported cases, the patients were over 50 
years old (the oldest was 75 years old), and the chief com- 
plaints were personality changes or abnormal mental status 
due to portosystemic encephalopathy [2, 3, 5, 6]. 

Our case and the 14 previously published cases of porto- 
hepatic venous shunts can be categorized arbitrarily into four 
different morphologic types. The first and most common type, 
described in six cases [3, 6, 8, 10], is a single large tube of 
constant diameter that connects the right portal vein to the 
inferior vena cava. The second type is a localized peripheral 
shunt in which single or multiple communications are found 
between peripheral branches of portal and hepatic veins in 
one hepatic segment [1, 4, 9]. The third type is aneurysmal: 
peripheral portal and hepatic veins are connected through an 
aneurysm [7, 9]. The fourth type has multiple communications 
between peripheral portal and hepatic veins diffusely in both 
lobes [2, 5]. 

The tubular shunt in our case was of the first type, nearly 
identical to the other six published cases [3, 6, 8, 10]. Most 
of the patients with this type of intrahepatic portosystemic 
shunt had clinical evidence of liver cirrhosis and portal hyper- 
tension [3, 6, 8, 10]. Ohnishi et al. [6] believed this unusual 
communication of portal vein to the vena cava was a patent 
ductus arteriosus. However, we believe the typical course of 
this type of intrahepatic portosystemic shunt is different from 
that of the patent ductus arteriosus. First, the shunt connects 
the right portal vein instead of the left to the vena cava [8]. 
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Second, the relation of the intrahepatic course of the shunt 
to the caudate lobe and the fissure for the ductus venosus 
was different from that of the patent ductus arteriosus. 

The cause of intrahepatic portosystemic venous shunts is 
unknown. Kozuka et al. [3] considered the abnormality to be 
acquired because microscopic examination showed both the 
muscular layer and the elastic lamellae to disappear abruptly 
from the wall of the shunt and because cerebral manifestation 
was not apparent until older age. 

However, congenital origin of this abnormality also has 
been postulated [2, 9]. One embryologic explanation for 
shunts in the right lobe is the persistence of a high-flow 
communication between the omphalomesenteric venous sys- 
tem and the right horn of the sinus venosus [2]. Decreasing 
tolerance to toxic metabolites with increasing age may explain 
the late clinical manifestation [2, 9]. In the aneurysmal type, 
perhaps a portal aneurysm precedes the venous shunt and 
then ruptures into the hepatic vein to make the communica- 
tion, although the cause of portal aneurysm is still uncertain 
[7]. 

Treatment including dietary control and surgical removal of 
the shunt can be used to alleviate symptoms [2, 9]. As an 
intrahepatic portosystemic venous shunt may cause enceph- 
alopathy, correct radiologic diagnosis and proper treatment 
of this unusual abnormality are clinically important. 





Fig. 1.—A, Transverse sonogram of 
right lobe shows curved tubular struc- 
ture connecting right portal vein to in- 
ferior vena cava (arrow). 

B, Unenhanced CT scan reveals tu- 
bular structures of low density in pos- 
terior segment of right lobe. Shunt turns 
acutely to inferior vena cava at poste- 
rior aspect of right lobe, showing di- 
lated and beaded appearance. 

C, Tubular structure enhances ho- 
mogeneously on enhanced scan. 

D, Arterial portogram with injection 
of contrast medium into superior mes- 
enteric artery discloses intrahepatic 
portosystemic shunt connecting right 
portal vein to inferior vena cava (ar- 
row). Course of shunt at right posterior 
aspect of liver is shortened on this 
oblique view. 
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Case Report 





Pseudoaneurysm of the Inferior Epigastric Artery: 
Diagnosis and Percutaneous Treatment 


Tracy S. Gage,’ Steven K. Sussman,' Frederick U. Conard III," David Hull,2 and Stanley A. Bartus? 


Pseudoaneurysm is a well-recognized complication of sur- 
gery, arterial puncture, and trauma [1, 2]. We report a case 
of an inferior epigastric artery pseudoaneurysm of mycotic 
origin that developed after abdominal wound closure with 
retention sutures and presented clinically as an abdominal 
wall abscess. Only one previously reported case of inferior 
epigastric artery pseudoaneurysm was found in the literature 
[3]. Because of the unusual location of this aneurysm in the 
anterior abdominal wall, its appearance on CT simulated a 
hematoma or an abscess. High-resolution duplex color Dop- 
pler sonography defined the pseudoaneurysm within the ab- 
dominal wall, and successful treatment was subsequently 
achieved by percutaneous coil embolization. 


Case Report 


A 45-year-old woman with end-stage renal disease developed 
fungal and bacterial peritonitis while on continuous ambulatory peri- 
toneal dialysis. Acute peritoneal signs developed the day after admis- 
sion. Surgical exploration revealed a perforated duodenal ulcer, which 
was plicated. The postoperative course was complicated by the 
development of intraabdominal abscesses requiring reexploration and 
drainage. The abdominal wound was closed with retention sutures 
at the time of reexploration. 

Serial abdominal CT scans were obtained to monitor resolution of 
the intraabdominal abscesses. These examinations showed a 
rounded, high-density soft-tissue mass in the anterior abdominal wall 
adjacent to a retention suture site (Figs. 1A and 1B). Percutaneous 
aspiration yielded bright red pulsatile blood on two separate occa- 
sions. The patient's clinical course improved after a prolonged hos- 
pitalization, and she was discharged without further evaluation of the 
abdominal wall mass. 

Two months after discharge, the patient came to the emergency 
department with abdominal pain. Physical examination revealed a 
tender anterior abdominal wall mass, which appeared to be an 
abscess, without a palpable thrill or audible bruit. The following day, 
purulent, necrotic material and bright red pulsatile blood were drained 
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Surgically. The incision was closed and the patient underwent further 
radiologic evaluation. Wound cultures subsequently grew enterococ- 
Cus. 

Duplex color Doppler sonography of the anterior abdominal wall 
mass demonstrated multidirectional, pulsatile, turbulent blood flow 
contained within a large, organizing hematoma (Fig. 1C). The ovoid, 
blood-filled cavity was fed via a narrow neck by small, superficial 
arterial branches in the anterior abdominal wall. Angiography per- 
formed from the contralateral side demonstrated the pseudoaneu- 
rysm (Fig. 1D), and transcatheter embolization was undertaken. A 
0.018-in. (0.046-cm)-diameter, 3-mm platinum flower coil without 
fibers (Target Therapeutics, Inc., Los Angeles, CA) was passed 
through a Tracker catheter (Target Therapeutics) and placed across 
the neck of the aneurysm, thereby occluding the proximal and distal 
portions of the feeding vessel (Fig. 1E). Postembolization Doppler 
sonography showed no flow in the aneurysm. The patient continued 
to do well on antibiotics and was discharged. A CT scan obtained 3 
months after discharge demonstrated calcification of the wall of the 
thrombosed aneurysm. 


Discussion 


Pseudoaneurysms may develop after any procedure that 
disrupts a portion of the vessel wall. Although other hazards 
of abdominal wound closure with safety retention sutures are 
well recognized (intestinal obstruction, fistula, and skin necro- 
sis) [4], there are no other reported cases of inferior epigastric 
artery pseudoaneurysm in the radiologic literature, and only 
a single case report in the surgical literature [3]. A similar 
complication occurred after peristernal wire closure in a me- 
dian sternotomy when a pseudoaneurysm developed in the 
internal mammary artery [5]. 

In our patient, the pseudoaneurysm developed at the site 
of a retention suture placed during active infection. The clinical 
manifestations of an abdominal wall abscess (in the absence 
of a palpable thrill or audible bruit), coupled with its unusual 
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Fig. 1.—A, CT scan 3 days after laparotomy 
shows retention suture (arrows) in anterior ab- 
dominal wall. 

B, CT scan 42 days after surgery shows mixed 
attenuation of enlarging soft-tissue mass (m) in 
anterior abdominal wall. 

C, Duplex color Doppler sonogram of anterior 
abdominal wall mass shows multidirectional flow 
within large pseudoaneurysm, confirming diag- 
nosis. 

D, Angiogram of anterior abdominal wall mass 
confirms pseudoaneurysm (p) supplied by left 
inferior epigastric artery (arrow). 

E, Percutaneously placed coil is shown oc- 
cluding proximal and distal portions of inferior 
epigastric artery, across neck of pseudoaneu- 


rysm. 
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location in the anterior abdominal wall, initially suggested an 
abdominal wall hematoma or abscess on unenhanced abdom- 
inal CT. This confusing appearance of a mycotic pseudoaneu- 
rysm mimicking a hematoma on unenhanced CT has been 
described in the psoas muscle [6], in which definitive diag- 
nosis was made by the subsequent characteristic posten- 
hancement pattern. In the case reported here, contrast-en- 
hanced CT was not performed because of the patient's 
precarious clinical and fluid states, and the lack of clinical 
suspicion of a vascular lesion. In fact, percutaneous aspiration 
and surgical drainage were attempted and yielded pulsatile 
blood. Subsequently, duplex color Doppler sonography dem- 
onstrated turbulent flow within an organizing hematoma—an 
appearance that is diagnostic of pseudoaneurysm [7]. Duplex 
color Doppler sonography offers the advantage of dynamic, 
noninvasive evaluation of masses without the risks of contrast 
administration, and readily distinguishes between a vascular 
mass and a high-flow aneurysmal cavity. In addition, duplex 
color Doppler sonography is a reliable, simple, and noninva- 
sive technique for postembolotherapy evaluation. 

Traditionally, management of pseudoaneurysms has been 
with surgical resection [3]. The recent use of percutaneous 
embolization techniques has numerous advantages for those 
patients who are poor surgical candidates [8]. In this case, 
selective characterization of the inferior epigastric artery and 
embolization allowed definitive treatment, and avoided the 
risks of recurrent peritonitis, wound dehiscence, and general 
anesthesia. 





E 


In summary, although pseudoaneurysms of the inferior 
epigastric artery are rare, the diagnosis must be entertained 
when a superficial, high-density abdominal wall mass is found 
on unenhanced CT in a patient with a history of previous local 
needle puncture or surgery. High-resolution duplex color Dop- 
pler sonography can readily confirm the diagnosis and the 
success of the treatment. Percutaneous embolotherapy in 
such cases will obviate surgery and provide definitive therapy. 
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Pyramidal Appearance and 
Resistive Index: Insensitive and 


Nonspecific Sonographic Indicators of 
Renal Transplant Rejection 





Renal transplantation patients undergoing biopsy were examined with duplex Doppler 
sonography to establish the sensitivity and specificity of this technique in the detection 
of rejection. The study population consisted of 89 consecutive patients, who received 
renal transplants 1 week to 17 years before our examination and underwent 96 core 
needle biopsies within 24 hr of sonography. The resistive index (RI), defined as the 
difference between the peak systolic and end diastolic flow velocities divided by the 
peak systolic velocity (expressed as a percentage), was measured in the main, seg- 
mental, interlobar, and arcuate renal arteries. Furthermore, the prominence of the renal 
pyramids, as determined by their size and echogenicity, was prospectively evaluated. 
Biopsy was used to establish diagnosis, but in cases of equivocal results, hospital 
course was the final arbiter. The most frequent diagnoses in the patients were acute 
rejection (41 patients) and chronic rejection (19 patients). 

Receiver-operating-characteristic curve analysis established that, regardless of the 
vessel in which it was measured, the use of RI to assign a diagnosis of acute rejection 
was no better than establishing this in a random manner. We did note, however, that 
patients with chronic rejection or cyclosporine toxicity were unlikely to have RIs greater 
than 80%. We further found that prominent pyramids were neither sensitive nor specific 
in the detection of acute rejection and that prominent pyramids were not correlated with 
elevated RI. 
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Renal transplantation has become a well-accepted alternative to dialysis in the 
treatment of chronic renal failure. However, the differential diagnosis of transplant 
dysfunction remains a difficult clinical problem. Elevation of creatinine level in the 
transplantation patient can be caused by several conditions including rejection; 
ureteral, lymphatic, or vascular obstruction; drug toxicity (e.g., cyclosporine); and 
infection. Scintigraphic and sonographic imaging techniques are most frequently 
used in the initial examination of transplant recipients. In patients without mechan- 
ical obstruction who are beyond the immediate postoperative period, the major 
Clinical problem is differentiation of acute rejection from chronic rejection or cyclo- 
sporine toxicity. 

Conventional sonographic criteria that have been used to detect acute rejection 
include: increased renal size or volume, pyramidal prominence and enlargement, 
decreased renal sinus fat, and pelvic-infundibular thickening [1, 2]. Recently, 
authors of several publications [3-13] have evaluated the efficacy of duplex Doppler 
sonography in renal transplant evaluation. In particular, elevation of the resistive 
index (a quantity derived from the relative difference between peak systolic and 
end diastolic renal arterial velocities) has been proposed as a sensitive and specific 
method to detect acute rejection in an otherwise sonographically normal kidney. 
We prospectively studied 89 patients undergoing renal biopsy in whom sonography 
was used to evaluate elevation of creatinine level without evidence of urinary 
obstruction. Our aim was to ascertain the sensitivity and specificity of renal 
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pyramidal appearance and resistive index (RI) measurements 
in detecting acute rejection. 


Subjects and Methods 


The study included 89 adults (43 men, 46 women) who had 
sonography of their renal transplant between September 1987 and 
February 1989 and who underwent biopsy. These patients had had 
their renal transplant from 1 week to 17 years before the current 
biopsy (mean interval since transplantation was 19 months; median, 
7 months; mode, 1 month). All patients had elevated creatinine levels 
and had initial sonography and scintigraphy to exclude an obstructive 
cause. 

Core needle biopsy was obtained as part of the routine to clarify 
the diagnosis. In 79 cases, the sonographic examination was per- 
formed immediately before the biopsy. In 17 cases, biopsy was 
performed within 24 hr after sonographic examination. At the time of 
biopsy, the following clinical data were collected: baseline and current 
creatinine levels, most recent blood pressure, date and reason for 
transplantation, and whether the patient was receiving steroids or 
cyclosporine. Duplex Doppler sonography was then performed as 
outlined below. Several patients underwent biopsy and scanning 
twice during the data collection period; if the two biopsies were at 
least 3 weeks apart, the diagnoses were retained in the data pool as 
independent events. If the scans were obtained within 3 weeks of 
each other, only data relating to the second scan were retained. The 
idea was that correlation with final clinical diagnosis would be more 
reliable if performed later in the hospital stay. These selection criteria 
resulted in a final pool of 96 sonographic examinations. 

Sonography was performed by technicians familiar with the meth- 
ods of renal transplant evaluation. If the technician had difficulty with 
the examination, a physician assisted in the study. Sonograms were 
obtained with a 128-element array scanner (Acuson, Mountain View, 
CA) with 3.5- and 5.0-MHz sector and linear array transducers. The 
wall filter was set at its lowest setting (125 Hz). Single RI measure- 
ments were obtained at the arcuate, interlobar, segmental, and main 
renal artery levels by following the method described by Rifkin et al. 
[6]. RI was calculated from the definition: 


Peak Systolic Velocity 
a etai À 

RI = End mina ic i al x 100% 
Peak Systolic Velocity 


by using the Acuson built-in software. At the end of each examination, 
the prominence of the renal pyramids was graded subjectively by the 
sonographer on the basis of real-time images as follows: 0 = pyramids 
not visible; 1 = pyramids present, but poorly seen; 2 = pyramids well 
seen, but not unusually prominent or hypoechoic; 3 = enlarged and 
unusually hypoechoic pyramids. 

The pathologic diagnoses were established by using the criteria 
described by Porter [14]. Acute cellular rejection was characterized 
by a mononuclear infiltrate that was predominantly located around 
the peritubular capillaries and renal tubules. Acute vascular rejection 
was characterized by fibrinoid necrosis of blood vessels. Vascular 
sclerosis with minimal inflammatory infiltrate typified chronic rejection. 
Cyclosporine toxicity was diagnosed by the presence of tubular injury 
at the light microscopic level and damaged mitochondria and lamellar 
inclusions at the ultrastructural level. 

Although not often alluded to in the radiologic literature, the inter- 
pretation of renal transplant histology is often not specific [15, 16]. 
For many patients in our study, the pathologic biopsy report often 
included a differential diagnosis and more than one abnormality was 
often present in a single biopsy. In such cases, if one of the abnor- 
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malities was clearly predominant and if the clinical picture was con- 
sistent with this pathologic diagnosis, only the primary pathologic 
diagnosis was retained. On the other hand, if the biopsy specimen 
showed two pathologic processes and the predominant process was 
equivocal, clinical factors, as judged by the patients’ primary physi- 
cian, were used to put the two diagnoses in order of predominance. 
For example, clinical factors most associated with acute rejection 
were oliguria and a rise in serum creatinine level by more than 0.3 
mg/dl in the absence of elevated cyclosporine levels. In borderline 
cases, additional supportive evidence for acute rejection would be 
graft swelling and tenderness and fever. Cyclosporine toxicity was 
characterized by elevated cyclosporine levels (>550 ng/ml in whole 
blood) associated with a serum creatinine level more than 25% above 
baseline and/or a decrease in serum creatinine level after withdrawal 
of cyclosporine therapy. Chronic rejection was suspected in patients 
with a slowly rising creatinine level, mild proteinuria, and hypertension 
and was confirmed by core needle biopsy. As biopsy was considered 
our gold standard, clinical data were used to order equivocal biopsy 
results, but no pathologic diagnoses were discarded or modified on 
the basis of clinical data. 

The study consisted of 41 patients with acute rejection, 19 patients 
with chronic rejection, five patients with predominant acute rejection 
with a minor chronic component, and seven patients with predominant 
chronic rejection with a minor element of acute rejection. Six patients 
had a diagnosis of cyclosporine toxicity. There were fewer patients 
with all other diagnoses; a complete list of data relating to the patients 
is shown in Table 1. 

Sensitivity and specificity for discriminating acute rejection from 
other diagnoses were calculated by using the definitions: 


Sensitivity = 100% x (TP/[TP + FN]}) 
Specificity = 100% x (TN/[TN + FP]) 


where TP = true-positives, TN = true-negatives, FP = false-positives, 
FN = false-negatives. Standard receiver-operating-characteristic 
(ROC) analysis [17, 18] was used to permit quantification of the 
differences between sensitivity and specificity curves within our 
study. The area under each curve is designated Az. Using a one-way 
analysis of variance (ANOVA), the mean pyramidal prominence and 
mean RI were compared for those diagnosis groups with five or more 
patients. 

We further investigated, in a more general sense, the relationship 
of the RI to related clinical factors. By using results from the 96 
sonographic examinations and disregarding diagnosis, we used a 
linear regression model to measure the correlation between RI in the 
various renal vessels and the following variables: pyramidal promi- 
nence, elevation of creatinine level above baseline, blood pressure 
and blood pressure “resistive index” (100% x [(systolic blood pres- 
sure — end diastolic blood pressure)/systolic blood pressure}). When 
a significant correlation (p < .05) was found, both the level of 
significance (p value) and the coefficient of determination (r°) were 
tabulated. 


Results 


The results of pyramidal appearance scoring show that only 
one patient had a score of 0 (diagnosis = acute rejection); 30 
patients had scores of 1; 49 patients, 2; and 16 patients, 3. 
The mean pyramidal score for each diagnosis is summarized 
in Table 1. The mean pyramidal score for the patients with 
acute rejection was not significantly different from that of the 
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TABLE 1: Summary of Study Population 
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Mean Age at p l 
: ; : yramidal 

Diagnosis N e tr Scores/SD 
AR 41 7/10 1.9/0.7 
CR 19 34/28 1.8/0.9 
AR, CR 5 18/16 1.8/1.1 
CR, AR T 12/9 1.6/0.5 
CT 6 14/13 2.0/0.0 
AR, CT 2 25 2.0 
AR, IF 1 4.0 3.0 
ATN 1 0.5 2.0 
CR, CT 1 45.0 2.0 
CR, GN 1 12.0 2.0 
CT, CR 1 169.0 2.0 
DM 1 204.0 1.0 
GN 3 23.0 2.0 
GN, AR 1 1.0 1.0 
IF, AR 1 34.0 3.0 
IGANEPHR 1 96.0 2.0 
INFT, AR 1 1.0 2.0 
RVRUPT 1 2.0 1.0 
RVT 2 15 1.5 


Resistive Index 


Arcuate/SD Interlobar/SD Segmental/SD Main/SD 
65/10 66/10 67/11 73/10 
66/8 70/6 67/10 70/9 
68/14 69/13 73/14 77/12 
64/7 67/9 67/8 66/7 
65/7 68/7 66/4 69/8 
64 67 67 78 
71 77 Fi 78 
61 76 81 88 
76 73 71 7I 
71 68 67 62 
84 80 79 86 
75 75 75 76 
66 69 75 74 
86 100 100 100 
59 64 59 64 
65 57 63 65 
72 71 68 82 
84 81 82 92 
74 68 67 72 


Note.—Combined diagnoses are listed in order of predominant process. Standard deviation calculated only if N => 5. AR = acute rejection, ATN = acute tubular 
necrosis, CR = chronic rejection, CT = cyclosporine toxicity, DM = diabetes mellitus (recurrent), GN = glomerulonephritis, IF = interstitial fibrosis, INFT = infarction, 
IGANEPHR = IGA nephropathy, RVRUPT = renal vein rupture, RVT = renal vein thrombosis, SD = standard deviation. 


patients with diagnoses of chronic rejection, mixed acute and 
chronic rejection, and cyclosporine toxicity. 

For each vessel, the distribution of RI values for each 
diagnosis was tabulated. As an example, data from the 
arcuate artery are plotted in Figure 1. The large overlap in RI 
values for the various diagnoses seen in this vessel was 
noted for the three other vessels as well (Table 1). For the 
diagnoses having at least five patients, statistical analysis 
showed no significant difference in the mean Rls regardless 
of the vessel used for the analysis. For each arterial level, RI 
values were used to calculate sensitivity and specificity with 
respect to the detection of acute rejection. A typical result 
(for the arcuate artery) is shown in Figure 2. ROC analysis 
was used to determine whether RI measurements in any one 
vessel would be more reliable in detecting acute rejection. 
However, use of the traditional assumption that the RI asso- 
ciated with acute rejection was elevated compared with other 
diagnoses resulted in curves for the arcuate, interlobar, and 
segmental vessels that were concave (Az < 0.5). This was 
explained by the average RI in these vessels being slightly 
less than that associated with the other diagnoses. The 
computer program [17] recalculated the curves by reversing 
this initial assumption to arrive at the corrected area under 
the ROC curves (see Table 2). Note that all Az values were 
close to 0.5, meaning that the predictions of acute rejection 
based on RI are no better than those based on chance. 
Although a number of patients with acute rejection had RI 
values greater than 80%, most patients with this diagnosis 
actually had a “normal RI” (mean arcuate RI = 65.3%). On 
the other hand, patients with chronic rejection or cyclosporine 
toxicity tended to have RI values below 80%. If our group of 
19 patients with chronic rejection is representative, then the 
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Fig. 1.—Resistive index values grouped by clinical diagnosis. Each 
patient is represented by one data point. For list of diagnosis abbreviations, 
see Table 1. 


chance of having an RI greater than 80% for this population 
would be less than 5%. 

Although at each renal arterial level the mean RI was not 
Statistically different for the various diagnoses, our data reveal 
a new, and perhaps promising, approach. In general, the RI 
in the main renal artery exceeded that in the arcuate artery 
regardless of diagnosis. However, this difference appeared 
greatest for the patients with acute rejection where a differ- 
ence of 7.5% was shown to be statistically significant by 
using Student’s t test (p < .01). A mean renal artery—arcuate 
artery RI difference greater than 10% was measured in 20 of 
41 patients with acute rejection and three of five patients with 
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SENSITIVITY 
SPECIFICITY 


Sensitivity/Specificity 





35 40 45 50 55 60 65 70 75 80 85 90 95 100 


Resistive Index (%) 


Fig. 2.—Sensitivity and specificity for acute rejection as a function of 
threshold resistive index measured in arcuate artery. 


TABLE 2: Area Under ROC Curves for Diagnosis of Acute 





Rejection 

| = eee Se eS ee Se SS ae SS SS 
RI Measurement Region Az SE 

Main renal artery 0.531 0.059 
Segmental artery 0.552 0.061 
Interlobar artery 0.583 0.059 
Arcuate artery 0.569 0.061 





Note.—RI = resistive index, SE = standard error. 


predominant acute rejection and a minor component of 
chronic rejection. On the other hand, only three of 19 patients 
with chronic rejection and one of six patients with cyclospor- 
ine toxicity satisfied this criterion. 

Both pulse pressure and “blood pressure RI” were shown 
to be positively correlated, in an approximately equal manner, 
with all renal arterial RI measurements (p < .0135), but with 
low coefficient of determination (r? < .13). Thus this model 
has little predictive value for the individual patient. The mag- 
nitude of elevation of creatinine level above baseline was 
found to correlate positively with the RI measured in the main 
renal artery (p = .003), but again the coefficient of determi- 
nation was very low (r?° = .1). RI and pyramidal prominence 
were correlated in the arcuate and interlobar arteries (p = 
012, r? = .11 and p = .0087, r? = .12, respectively). However, 
we found that this correlation was a result of a single patient 
with a pyramidal score of 0 having very low Rls in all vessels 
(maximum = 57%). If this patient's data were removed from 
the data pool, no significant correlation was noted between 
the remaining pyramidal prominence scores and RI. 


Discussion 


Numerous studies have shown that the negative predictive 
value of non-Doppler sonographic examination of the kidney 
is only in the range of 30-50% [19, 20]. In particular, such 
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key features as pyramidal prominence can be unreliable, often 
reflecting the patients’ state of hydration more than rejection 
[2, 19]. Our data support the view that pyramidal prominence 
alone is an unreliable indicator of transplant health, especially 
in the busy clinical setting in which hydration not only is 
uncontrolled, but interobserver variability complicates subjec- 
tive measurements. 

The limitations of conventional sonography prompted the 
great interest in Doppler evaluation of transplant function. 
That diastolic flow is compromised with rejection has been 
known for some time [21-23], but only recently has the 
development of duplex Doppler sonography permitted more 
quantitative studies. Initial reports were enthusiastic. Rigsby 
et al. [4], using a pulsatility index threshold of 1.5, reported a 
sensitivity of 75% with a specificity of 90% in the detection 
of acute rejection. Rifkin et al. [6] found that an RI greater 
than 90% had a 100% predictive value for acute rejection and 
a value of less than 70% was unlikely to represent rejection. 

We, as others did [7-11], note several diagnoses besides 
acute rejection (acute tubular necrosis, renal vein thrombosis, 
and glomerulonephritis) associated with arcuate artery RI 
greater than 80%, which decrease specificity. Even excessive 
pressure during scanning has been documented as resulting 
in falsely elevated RI [11]. However, it has only recently been 
reported that the majority of patients in rejection actually have 
low Rls [13]. Our study, too, revealed that the average RI for 
patients in acute rejection was less than 70%, a range here- 
tofore considered “normal” [6]. Furthermore, three patients in 
our study were assigned a pathologic diagnosis of acute 
vascular rejection, a diagnosis previously associated with the 
highest RI values [3, 4, 6]. Yet for these patients, the maxi- 
mum main renal artery RI was only 76%, whereas the maxi- 
mum arcuate artery RI was only 66%. These findings are also 
similar to those recently presented by Genkins et al. [13]. 

We cannot be certain of the reason for the differences 
between our results and those of others. The population of 
patients may be one factor: The studies of Rifkin et al. [6] 
and Allen et al. [10] monitored patients for only the first few 
months after transplantation. Of the patients who had biop- 
sies by Rigsby et al. [4] within 24 hr of sonography, 90% had 
a diagnosis of acute rejection, possibly falsely elevating spec- 
ificity. Our population was similar to that of Genkins et al. 
[13] because it was heterogeneous and included patients 
who just received transplants as well as those who had their 
transplants for several years. Our overall results are also 
remarkably similar to theirs. Interestingly, Allen et al. [10], 
who followed up patients for only the immediate posttrans- 
plantation period, reported a sensitivity of 76% for a first 
rejectio | episode, which dropped to 29% for the seven pa- 
tients followed into a second rejection episode. This obser- 
vation, if verified in a larger population, may explain why 
application of RI analysis to a more heterogenous population 
may prove less successful. 

The question of which arterial level is best in differentiating 
acute rejection from other diagnoses has not been well ad- 
dressed. The literature is inconsistent in this regard [4, 6]. In 
our study, ROC curve analysis failed to show the superiority 
of results obtained at any single arterial level; all ROC curves 
had an Az not significantly different from 0.5. Our result 
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pertaining to the increased main to arcuate artery RI difference 
in acute rejection bears further investigation as a method for 
discriminating acute from chronic rejection or cyclosporine 
toxicity when the RI is normal. 

Little attention has been paid to the relationship between 
Clinical factors and RI measurements. The positive correlation 
between pulse pressure and RI serves as a caution when 
interpreting elevation of RI in the patient with a wide pulse 
pressure. Hypotension, too, can result in elevation of the RI 
[9, 11]. That the magnitude of elevation of creatinine above 
baseline is positively correlated with RI verifies that RI is 
indeed related to transplant health, but the prognostic impli- 
cations of various levels of elevation of RI have yet to be 
carefully investigated. 


Conclusions 


No statistically significant difference was seen in the mean 
RI or in the pyramidal prominence for any of the diagnoses 
we encountered. A high RI by itself was neither specific nor 
sensitive for acute rejection. Furthermore, although it was 
noted that an RI in the arcuate artery greater than 80% made 
the diagnoses of chronic rejection and cyclosporine toxicity 
much less likely, an RI of less than 70% was commonly 
encountered in the acutely rejecting kidney. We conclude that 
measurement of RI has greater usefulness in ruling out 
chronic rejection or cyclosporine toxicity than in detecting 
acute rejection. 
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Commentary 





Use of Doppler Imaging for Evaluation of Dysfunction in 


Renal Allografts 


Kenneth J. W. Taylor’ and William H. Marks? 


The paper by Kelcz et al. [1] supports the data published 
previously [2] on the limited sensitivity and specificity of the 
resistive index of the renal allograft for the diagnosis of 
rejection. These findings are in contrast to the much higher 
sensitivities and specificities reported in some of the earlier 
papers, which were more enthusiastic about the use of Dop- 
pler imaging [3-7]. These latest reports are leading both 
radiologists and transplantation surgeons to believe that the 
Doppler technique is of no practical value in the evaluation of 
renal transplants and that the earlier reports have been dis- 
credited. 

Such a conclusion is unfortunate and untrue. A suitable 
analogy is found in the current use of mammography. We 
have all palpated cancers in the breast that could not be seen 
on mammograms because of breast density. Mammography 
also has limited specificity for the diagnosis of breast cancer, 
usually resulting in three biopsies for every cancer, yet it is 
the basis for early detection of breast cancer, and its judicious 
application as a screening tool can save lives. These limita- 
tions of mammography do not prevent appropriate treatment 
of patients. Many different causes exist for breast opacities, 
and the predictive value of a positive result will vary with the 
prevalence of disease in the population. Nevertheless, an 
abnormal finding on mammography demands investigation in 
order to establish its cause. To overcome these limitations, 
the radiologist and surgeon must take into account the fami- 
ly’s history, patient’s history, physical findings, and imaging 
appearances in order to decide on appropriate treatment. 

When there are multiple causes for an observed abnormal- 
ity, it is important to appreciate that the sensitivity and spec- 
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ificity for any single cause has little practical value in dictating 
treatment of a particular patient. As with so many findings on 
sonographic examination, a blind reading of films is of little 
value. We must not merely observe and report but observe, 
interpret in the light of the clinical setting, and report. 

The finding of diminished, absent, or reversed diastolic flow 
in renal allografts almost always indicates pathologically in- 
creased renovascular impedance. The only exception to this 
is when the input signal has changed, as for example in 
severe hypotension, when loss of diastolic flow may be due 
to low diastolic pressure in the feeding artery rather than high 
resistance in the allograft. Several causes exist for increased 
renovascular impedance, but careful study of clinical history 
and results of the sonographic examination will virtually al- 
ways result in the correct diagnosis. 

As a result of clinical observation and a considerable 
amount of animal experimentation during the past 4 years, 
we have established the following causes of increased imped- 
ance in renal transplants: rejection, severe acute tubular 
necrosis (ATN), extrarenal compression, obstructive uropa- 
thy, renal vein obstruction, and severe pyelonephritis [8, 9]. 
If clinical parameters are combined with careful interpretation 
of the sonogram and the Doppler waveform, the correct 
choice in this differential diagnosis can be made. The most 
likely diagnosis varies with the time from transplantation in 
just the same way that the cause of a postoperative fever 
varies with the postoperative interval. 

The finding of a high renovascular impedance immediately 
after surgery is a critical observation, the cause of which must 
be elucidated immediately. First, is the renal vein patent? This 
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should be investigated by color and pulsed Doppler sonog- 
raphy. The inexperienced observer who may be seeing such 
patients emergently must be aware that with color Doppler 
imaging, reversal of arterial flow during diastole produces a 
blue color that might be confused with venous flow. Pulsed 
Doppler imaging should show continuous flow, often with 
respiratory variations, in the opposite direction to the arterial 
waveform. Having established venous patency, extrarenal 
compression should be considered, such as a large kidney 
placed in a small child. Changing the position of the child may 
alleviate this vascular compromise. ATN is not usually a 
serious consideration as a cause of increased impedance in 
the immediate postoperative period, because typically the 
waveform does not become abnormal until 24 hr after reper- 
fusion of the graft. Only after excluding these common causes 
of postoperative high impedance should the rare possibility 
of hyperacute rejection be considered. 

lf abnormal renovascular impedance occurs within the first 
few days of surgery after a normal postoperative sonogram, 
it is, again, a highly significant finding. Obstructive uropathy 
should be excluded by using sonography, severe pyelone- 
phritis should be excluded by examining the urine for pyuria, 
extrarenal compression should be excluded by looking for 
periallograft fluid collections. If fluid collections that might 
compress the kidney are seen, they should be tapped and 
sonography repeated to see if this alleviates the vascular 
compromise. If not, other causes should be considered. In 
both human observation and animal experimentation, we have 
found that ATN results in abnormal renovascular impedance 
only when there has been a very prolonged and severe 
episode of ischemia [8, 9]. It is therefore necessary to review 
the patient's postoperative course to establish if any extended 
period of hypotension or any dramatic incidents such as 
cardiac arrest occurred. We also have established that hy- 
potension in the donor must be considered. Hitherto, the 
history of the donor has not been considered in the interpre- 
tation of the sonogram, but our work to date has clearly 
shown that sonograms can be interpreted only in the light of 
the clinical picture [8]. It also may be prudent to inquire about 
the progress of the contralateral kidney, which has usually 
been transplanted in another hospital. If neither the recipient 
nor the donor has a history of severe ischemia, then ATN 
need not be seriously considered. In the early postoperative 
period (3-4 days), rejection is unlikely and should be consid- 
ered only if all other causes have been excluded. 

In the second postoperative week, rejection is by far the 
most common cause of increased renovascular impedance. 
This is especially true if the rejection has a vascular compo- 
nent. Pathologists appear to vary considerably in their rec- 
ognition of this vascular element. In our patients, 60% of 
rejection episodes show vascular involvement. However, 
other causes of increased renovascular impedance still must 
be excluded. 
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In the first weeks after transplantation, graft dysfunction 
manifesting as an increased creatinine level indicates the need 
for a duplex Doppler examination. In our experience, if there 
is increased renovascular impedance and no evidence of 
obstruction, compression, or infection, the most common 
cause by far is acute rejection, and such patients can be 
treated without biopsy. Of course, a normal impedance does 
not exclude rejection. In the longer term, and especially in the 
diagnosis of chronic rejection, the duplex Doppler technique 
is of comparatively little value. 

After considering the differential diagnosis at different times 
after transplantation, it becomes apparent why the sensitivity 
and specificity described by both Kelcz et al. [1] and Genkins 
et al. [2] was so limited when they combined all their patients 
without regard to the interval since surgery. The major differ- 
ence between these studies and the earlier, more enthusiastic 
reports was selection of patients. The earlier reports were 
based on patients in the early postoperative period, whereas 
the studies by Kelcz et al. [1] and Genkins et al. [2] were 
based on a highly heterogenous population. 

Selection of patients cannot be ignored if sonography is to 
provide optimal help in treating patients. When considering 
increased renovascular impedance in the early postoperative 
period, we must interpret the sonogram in the context of the 
clinical findings and the postoperative interval. Studies inter- 
preted without regard to the clinical setting and derived from 
many transplant recipients with chronic rejection are of little 
value in the treatment of the transplant recipient in the early 
postoperative period. 
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Wishing Won’t Make It So: Duplex Doppler Sonography in 
the Evaluation of Renal Transplant Dysfunction 


Edward G. Grant’ and Rita R. Perrella 


The need for a reliable, noninvasive method of assessing 
the cause of renal transplant dysfunction has become increas- 
ingly evident as renal transplantation has been accepted as 
the primary treatment for chronic renal failure. Early studies 
with duplex Doppler sonography were encouraging, and a 
number of authors [1-3] reported Doppler imaging to be both 
sensitive and specific in the diagnosis of acute transplant 
rejection. However, three recent studies, and a fourth in this 
issue of the AJR [4-7], all found that duplex Doppler sonog- 
raphy was neither sensitive nor specific in assessing renal 
transplant dysfunction and, therefore, cannot obviate biopsy. 
The results of these studies were in close agreement, and all 
four were based largely on biopsy-proved cases, unlike many 
of the earlier studies, which relied on clinical information. 

A review of these four studies shows that two major 
problems make it virtually impossible to use Doppler sonog- 
raphy to evaluate renal transplant dysfunction adequately. 
First, both acute tubular necrosis (ATN) and acute rejection 
(the two major causes of transplant dysfunction) can cause 
increased vascular resistance. This is clear from all four 
studies and is further supported by a recent investigation of 
our own [8], in which we evaluated patients with increased 
renal vascular resistance severe enough to cause reversed 
diastolic flow. The complete absence [9, 10] or low prevalence 
[2] of ATN in some study populations was clearly responsible 
for the superior results of these investigations. Unfortunately, 
in clinical practice, ATN is encountered in a significant number 
of patients. 





In direct response to Dr. Taylor's comments, ATN and 
acute rejection cannot be differentiated by timing or clinical 
symptoms. In our study [6], biopsy results documented the 
occurrence of ATN several months after transplantation, and 
the simultaneous occurrence of ATN and acute rejection in a 
number of patients clearly shows that timing or clinical symp- 
toms are of little or no value. It is our opinion that the reliance 
on timing or clinical symptoms rather than biopsy may have 
been an important contributing factor in the high sensitivities 
and specificities found in the earlier investigations. Dr. Taylor 
also suggests that ATN occurs only after prolonged and 
severe ischemia and is not a consideration in the immediate 
postoperative period. This is contrary to our experience; we 
have found ATN to be very common in the immediate post- 
operative period. In addition, ATN is certainly not confined to 
those patients who have had “dramatic incidents such as 
cardiac arrest.” Finally, we cannot realistically be expected to 
track down the “contralateral kidney, which has usually been 
transplanted in another hospital” in the hope that a biopsy 
was done on it there, providing us with a diagnosis. 

The second problem with use of Doppler sonography in the 
evaluation of transplant dysfunction is that a significant num- 
ber of patients with acute rejection have normal (<.80) resis- 
tive indices (Rls). Regardless of how far one lowers the cutoff 
threshold (most studies have chosen an RI of .85-.90) for a 
Doppler study to indicate acute rejection, a significant number 
of patients with rejection will never be identified with this 
technique. Furthermore, the differentiation between cellular 
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and vascular rejection seems to have little bearing on the 
Situation. Specifically, vascular rejection is no more likely to 
Cause increased vascular resistance than is cellular rejection. 

In response to yet another article that clearly shows that 
Doppler imaging cannot be used to differentiate acute rejec- 
tion from other major forms of transplant dysfunction, we are 
now told by Dr. Taylor that if clinical input were considered 
along with RI, the results of our studies would be far better. 
We strongly agree that the radiologist must never work in a 
vacuum. However, if (as we have found) neither clinical infor- 
mation nor Doppler imaging is able to differentiate between 
the various causes of renal transplant dysfunction, it is doubt- 
ful that combining them will obviate biopsy. 

We agree that certain diseases that affect the kidney are 
related to the time elapsed since transplantation. In the im- 
mediate postoperative period, in fact, Doppler imaging can be 
quite useful in detecting acute arterial or venous thrombosis. 
In the former, Doppler signals will be absent altogether, and 
in the latter, “plateau-like” retrograde diastolic flow will be 
observed [8, 11]. Furthermore, while renal vein thrombosis 
does cause increased vascular resistance, it is rare and has 
a unique spectral pattern. The identification of acute throm- 
bosis, however, has nothing to do with the study in question. 

Conventional sonography is essential in the evaluation of 
hydronephrosis and the identification of peritransplant collec- 
tions. Doppler imaging adds unique information about the 
vascular integrity of the graft and can be used to identify 
stenosis of the renal transplant artery [12, 13]. In addition, 
color Doppler imaging can characterize postbiopsy arterio- 
venous malformations [14]. However, when considering du- 
plex Doppler imaging in renal transplant dysfunction, four 
large studies have produced remarkably similar results. An 
abnormal waveform indicates a compromised allograft, but 
this information cannot obviate biopsy. Although unfortunate, 
it seems that we must accept this situation as fact and should 
not attempt to perpetuate misconceptions about a technique 


DOPPLER OF RENAL TRANSPLANT DYSFUNCTION 539 


that, thus far, has been incapable of differentiating between 
the causes of renal transplant dysfunction. 
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Essentials of Body Computed Tomography. By R. Kristina Gedgaudas-McClees and William E. Torres. Phila- 


delphia: Saunders, 304 pp., 1990. $55 


Essentials of Body Computed Tomography is aimed at producing 
a bridge between basic student textbooks and lengthier material on 
the subject. It appears to be directed toward medical students, 
radiology residents, and nonradiologist practitioners. 

The book begins with a basic, but not too simple, explanation of 
the principles of CT. The chapter on normal CT of the chest and 
abdomen is brief and concentrates on fundamental anatomy; it con- 
tains little mention of sometimes confusing variants. Normal pulmo- 
nary parenchyma is discussed in just three short paragraphs, with 
one illustration. The text goes on to discuss the basics of essential 
diseases of the mediastinum, lungs, pleura, hepatobiliary system, 
spleen, pancreas, kidneys, adrenals, gastrointestinal tract, and pelvis. 
It has a section on interventional radiology. Readers can quibble over 
what is essential, but | think many commonly seen disease entities 
often are covered superficially or not at all. 

In this era in which three or four cross-sectional techniques often 
are available to study a given problem, some guideline should be 
given to the relatively uninitiated on the relative merits of each 
technique. This is done infrequently in the text. Statements such as 


“Computed tomography is able to identify mediastinal parathyroid 
tissue in 29%-80% of cases,” are not particularly helpful. Clarification 
and mention of other techniques would be necessary to put it into 
perspective. The authors’ enthusiasm leads to some minor errors. 
The editing could be tightened up a bit. For example, splenic infarcts 
and abscesses unnecessarily are discussed twice within a few pages. 
Instructions on injection techniques are redundant. On the positive 
side, most illustrations are of adequate quality, and some chapters 
are relatively complete. 

This book may provide a simple reference for some students, but 
| generally would refer them to Lee and Sagel’s text or the one by 
Megibow and Balthazar for more information. Good introductory 
sections on CT are available in severai recently published or revised 
textbooks. 
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The Thickness of the Renal 
Parenchyma Decreases with Age: 
A CT Study of 360 Patients 





Renal parenchymal thickness was estimated by using CT in 360 patients with no 
evidence of renal disease. In each patient, the measurements were normalized to the 
transverse diameter of the vertebral body and a reference table was formulated. The 
renal parenchymal thickness decreases about 10% per decade of increasing age in 
both men and women. These findings are consistent with previously reported findings 
based on autopsy material. 

The proposed table may be useful as a criterion for assessing normal renal paren- 
chyma on CT. 
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Several studies have used pathologic material to describe the variation of kidney 
size and weight relative to sex, age, and body format [1-3]. Assessing kidney size 
in vivo with conventional radiologic techniques can be erroneous, because loss of 
renal parenchyma in the elderly is compensated for by an increase in peripelvic fat 
[4, 5]. CT, however, provides a reliable means of measuring the amount of renal 
parenchyma so that conclusions concerning changes in kidney size with age, sex, 
or body habitus can be accurately drawn. 

In this study we correlated the amount of the normal renal parenchyma with the 
patient's age and sex and tried to establish an age-related reference table for both 
kidneys, to be used in the interpretation of renal CT scans. 


Materials and Methods 


Our study comprised 360 men and women 20-80 years old. The sample population for 
each decade consisted of 60 patients, 30 men and 30 women. All patients were referred for 
a CT examination with an indication other than renal disease, had no record of renal disease, 
made no chronic use of potentially toxic drugs, and had no history of hypertension. Patients 
in whom normal renal variations were seen on CT, such as a double collecting system or 
fetal lobulation, or who had findings likely to cause morphologic alterations in the shape of 
the kidneys, were excluded from the study. 

All examinations were performed on a Pfizer 0450 CT scanner with 9-mm slice thickness. 
For our study, we selected three sections through each kidney: one through the upper renal 
calix, one through the lower renal calix, and one at the level of the renal pelvis (Fig. 1). The 
thickness of renal parenchyma was measured by means of two perpendicular axes through 
fixed points in each kidney. One was drawn parallel to the axis of the renal vessels through 
the renal pelvis and the other through the middle of the pelvis (Fig. 2). Similar axes were used 
for both the upper and lower caliceal levels. Obviously, the direction of the axes differed 
according to the orientation of the kidneys in the body, which is the result of the different 
degree of rotation during fetal life. Measurements of parenchymal thickness were made as 
shown in Figure 2 at the anterior, posterior, internal, and external parts of the renal 
parenchyma and at three levels through each kidney. Additionally, for each patient and for 
each kidney, a reference measurement of the transverse diameter of the vertebral body was 
made, at a level through the middle of the body of the first lumbar vertebra. All measurements 
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Fig. 1.—Schematic diagram of selected scans through each kidney 
used in estimation of amount of renal parenchyma. Three scans are 
selected: one through upper caliceal level (U), one through lower caliceal 
level (L), and one through renal pelvis (M). 


of parenchymal thickness were normalized by dividing each one by 
the transverse diameter of the patient's vertebral body. This diameter 
is proportional to the patient's body format and it has been used for 
measuring the size of the normal pancreas on CT [6, 7]. 

Data were analyzed with a computer program. First, the sums of 
the measured parenchymal thicknesses (a+b+c+d,a+c,b+ 
d, and [a + b] x [c + d]), indicative of the renal parenchymal volume, 
were calculated, thus totaling eight measured or computed parame- 
ters at each kidney level (i.e., a, b,c, d,a + b +c +d, [a+b] x 
[c + d], a + c, and b + d). Subsequently, data were divided into six 
groups according to age (20-29, 30-39, 40-49, 50-59, 60-69, 70- 
79), and the means and standard deviations for each age group and 
for each measurement were calculated. Finally, a correlation coeffi- 
cient, revealing the degree of correlation between parenchymal thick- 
ness and age, was computed [8]. 
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Results 


Statistical analysis showed that a good negative correlation 
exists between renal parenchymal volume and patient age for 
all measurements and for each level through each kidney. 
This correlation was found to be statistically significant at the 
95% level for all measured parameters. In declining order, 
best correlation was achieved for the sums a+b+c+d, 
[a+b] x [c+ d], b +d, and a + c, followed by the posterior 
parenchymal thickness, b, at the upper caliceal levels of both 
kidneys. For ease of use, the means and standard deviations 
of each measurement per decade are tabulated in Table 1. 

A good assessment of the rate of renal parenchymal volume 
decrease with age can be obtained from the overall sum of 
the individual sums a + b + c + d (Fig. 3). The amount of 
renal parenchyma decreases about 10% per decade of ad- 
vancing age for both kidneys, with a higher rate of decrease 
occurring between the sixth and the seventh decades. It is 
also evident that the right kidney is more massive than the 
left in all decades. 

Differences in the amount of renal parenchyma between 
the sexes were tested by using the statistical t test. Results 
showed that for each decade there were no significant differ- 
ences (p > .10) between the two sexes, provided that all 
measurements were divided by the transverse diameter of 
the patient's vertebral body. When the vertebral diameter was 
not taken into account, significant differences were obtained, 
probably because of morphometric differences between the 
sexes. 


Discussion 


Assessing the amount of normal renal parenchyma by CT 
in living subjects and relating it to age, sex, and body habitus 
is of value in the study of morphologic changes of the kidneys 











Fig. 2.—A and B, Schematic diagrams of CT scans through level of renal pelvis (A) and level of lower renal pole (B). Two perpendicular axes, | and Il, 
are drawn to assist in measurement of renal parenchymal thickness in anterior (a), posterior (b), internal (c), and external (d) parts of kidney. IVC = inferior 


vena Cava, A = aorta, RV = renal vein, VBd = vertebral body diameter. 
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we TABLE 1: Ratio of Parenchymal Thickness to Transverse Diameter of Vertebral Body 
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Kidney 
Segment/Dimension 20-29 30-39 
Upper pole 
Right kidney 
a 0.61 + 0.10 0.50 + 0.11 
b 0.78 + 0.10 0.76 + 0.06 
C 0.45 + 0.07 0.37 + 0.05 
d 0.52 + 0.08 0.48 + 0.04 
at+b+c+d 2.36 + 0.28 2.11 26,19 
Left kidney 
a 0.59 + 0.08 0.47 + 0.07 
b 0.70 + 0.10 0.61 + 0.10 
C 0.44 + 0.07 0.39 + 0.06 
d 0.52 + 0.08 0.48 + 0.12 
a+b+c+d 2.25 + 0.26 1.95 + 0.28 
Middle level 
<< Right kidney 
a 0.00 + 0.00 0.00 + 0.00 
b 0.78 + 0.10 0.72 + 0.08 
C 0.48 + 0.09 0.39 + 0.05 
d 0.49 + 0.06 0.47 + 0.08 
at+tb+c+d 1.7/9 +0.18 150 £0.15 
Left kidney 
a 0.00 + 0.00 0.00 + 0.00 
b 0.71 + 0.10 0.61 + 0.08 
Č 0.46 + 0.08 0.42 + 0.05 
d 0.50 + 0.10 0.48 + 0.09 
a+b+c+d 1.67 + 0.22 151 £0.18 
Lower pole 
Right kidney 
a 0.504 0.11 0.44 + 0.10 
b 0.73 + 0.10 0.68 + 0.13 
Ê 0.42 + 0.08 0.45 + 0.08 
d 0.47 + 0.09 0.42 + 0.07 
at+b+c+d 212+ 0:27 1.99 + 0.32 
>. Left kidney 
a 0.42 + 0.08 0.39 + 0.07 
b 0.66 + 0.10 0.59 + 0.07 
Cc 0.42 + 0.07 0.40 + 0.07 
d 0.44 + 0.08 0.42 + 0.09 
at+b+c+d 1.94 + 0.25 1.80 + 0.22 


Ratio (mean + SD) by Age 























40-49 50-59 60-69 70-79 

0.47+0.08 043+0.08  0.38+0.07 0.32 + 0.07 
0.63+0.10 0.55+0.08  0.48+0.08  0.39+0.08 
0.34+0.06 0.34+0.06 0.29+0.06 0.24 +0.05 
0.42+0.07 0.38+0.05  0.33+0.06 0.27 + 0.05 
186+0.25 1704021 148+0.22 1.22+0.22 
0.44+0.09  040+0.08  035+0.07 0.29+0.06 
0.57 +0.11 0.51+0.08  040+0.08 0.36 + 0.07 
0.35 +0.06 0.32+0.05 0.27+0.05 0.23 + 0.05 
0.40 +0.08 0.36+0.07 0.30+0.07 0.26 + 0.06 
1.76+0.25 1594021  1.32+0.21 114+0.19 
0.00 +0.00 0.00+0.00 0.00+0.00 0.00 + 0.00 
0.66 +0.08  0.59+0.09 0.52+0.09 0.43 + 0.08 
0.38 +0.05 0.35+0.06 0.30+0.05 0.27 + 0.05 
0.45+0.07 0.38+0.06 0.35+0.06 0.32 + 0.06 
1.494015 1324014 1174016 1.02 + 0.17 
0.00+0.00 0.00+0.00 0.00+0.00 0.00 + 0.00 
0.61 +0.11 053+0.08 0.46+0.07 0.41 + 0.08 
0.40+0.06 0.35+0.05 0.30+0.06 0.26 + 0.06 
0.42+0.09  0.36+0.06 0.31+0.06 0.28 + 0.06 
1.43 +0.22 1244016  1.07+0.16 0.95 +0.16 
0.41+0.10 0.38+0.08 0.32+0.06 0.27 + 0.07 
0.60 +0.09 0.54+0.08 0.47+0.09 0.39 + 0.07 
0.33+ 0.06 0.31+0.06 0.27+0.06 0.23 + 0.04 
0.37 +0.07 0.33+0.05 0.28+0.05 0.26 + 0.05 
1.71+0.26 1564021 1.344020 1.15+0.18 
0.36+0.07 0.32+0.08  0.28+007 0.22+0.05 
0.56 +0.13  0.49+0.07 0434008 0.36 + 0.08 
0.33+0.06 0.31+0.05 0.27+0.05 0.25 + 0.05 
0.35 +0.07 0.32+0.05 0.27+0.05 0.24 + 0.06 
160+0.23 1444021  1.25+0.20 1.07 +0.19 





Note.—Renal parenchymal thickness was measured at the anterior (a), posterior (b), internal (c), and external (d) parts of the kidney. 


caused by various diseases. Measurements of the renal pa- 
renchymal thickness may also be of value as reference criteria 
for assessing the normal kidney on CT. Several reports have 
examined age- or sex-related changés of kidney length or 
weight, based mainly on anatomic findings [1, 5]. However, 
to our knowledge, no reports have been published on CT 
measurements of renal parenchymal thickness during life. 
Reports based on autopsy material reveal that kidney 
weight varies considerably among normal adults [1, 2], and 
men have larger kidneys than women [2]. In our study, no 
differences were seen in the amount of renal parenchyma 
æ- between the two sexes, because the patient's body build was 
taken into account in all measurements. Our findings are in 


agreement with the anatomic findings of Kasiske and Umen 
[1]—that kidney weight in normal adults depends on body 
habitus and not on the patient's sex. 

Decrease of kidney size with age is known from the ana- 
tomic findings of several workers [3, 5]. Loss of renal mass 
is primarily cortical [3] and can reach up to 40% in patients in 
their eighties [5]. Similarly, glomeruli can sustain a 30% 
hyalinization. Between the fourth and ninth decades, renal 
blood flow is reduced by 50% [9], and glomerular filtration is 
depressed to 30-50% of normal in the eighth decade as 
compared with the third decade [10]. Our findings show that 
the renal parenchymal thickness is also progressively reduced 
with advancing age. Indeed, the ratio of renal parenchymal 
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Fig. 3.—Progressive percent reduction of amount of renal parenchyma 
with advancing age. Amount of renal parenchyma is calculated as overall 
sum of individual sums (a + b + c + d) at each caliceal level. Data are 
normalized to 100% for right kidney at 20-29 years of age. 


thickness to the transverse diameter of the vertebral body 
decreases by 10% per decade. 

It is evident from our results that the amount of renal 
parenchyma is assessed best by the sum of parenchymal 
thicknesses divided by the vertebral diameter, that is, [a + 
b + c + d]/vertebral diameter. However, a simpler ratio, that 
of the thickness of the posterior part of renal parenchyma 
over the vertebral diameter, also shows a good degree of 


AJR:155, September 1990 


correlation with age, that is, b/vertebral diameter. We believe 
that this ratio can be used reliably in everyday practice, 
because it represents adequately the amount of renal paren- 
chyma present. 

The proposed reference table (Table 1) can be of value in 
the interpretation of normal or abnormal renal parenchymal 
thickness. Further investigation of the way that the amount 
of renal parenchyma, as shown on CT, changes with pro- 
gressive chronic renal disease may be of value also. 
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Case Report 





Left Retrocaval Ureter Associated with Left Inferior Vena 


Cava 


Joseph A. Pierro,’ Mehdi Soleimanpour, and Jeffrey L. Bory 


Numerous authors have discussed the developmental 
anomalies of the inferior vena cava (IVC) [1-3]. Although rare, 
appreciation of venous anomalies is important to prevent 
misinterpretation of a pathologic process such as paraaortic 
lymphadenopathy and to raise the suspicion of associated 
vascular abnormalities. We report what we believe is the first 
case of simultaneous anomalies resulting in left retrocaval 
ureter associated with left IVC without total situs inversus. 


Case Report 


A 34-year-old man presented with recurrent abdominal pain. Re- 
sults of urinalysis were within normal limits. Chest radiographs 
showed pneumonia in the right lower lobe. An excretory urogram 
showed a normal right collecting system. On the left side, there was 
delayed excretion with severe hydronephrosis with proximal hydro- 
ureter and medial deviation of the middle ureteral segment (Fig. 1A). 
Postinfusion CT scans showed the posterior medial course of the 
proximal left ureter with respect to the anomalous transposition of 
the IVC located to the left of the aorta, suggesting a left retrocaval 
ureter (Figs. 1B and 1C). CT findings were confirmed with venography 
by using the Seldinger approach to the left femoral vein. This ap- 
proach will more likely opacify both IVCs if duplication is present and 
only the left IVC if transposition exists (Fig. 1D) [1, 2]. 


Discussion 


The prevalence of transposition or left-sided IVC as cited 
in several studies is 0.2%-0.5% [3-5]. Retrocaval ureter is a 
rare, congenital anomaly resulting from abnormal develop- 


Received March 1, 1990; accepted after revision April 3, 1990. 


ment of the IVC with a prevalence of 0.1% [5]. Our case is 
unique in that two rare anomalies occurred simultaneously 
with normal situs. Although retrocaval ureter almost invariably 
involves the right side, a bilateral retrocaval ureter has been 
reported once in an acardiac fetus [6], and a case of left 
retrocaval ureter has been described in a patient with situs 
inversus totalis [7]. 

The embryogenesis of the IVC is a complex process of 
development, anastomosis, and regression of three paired 
venous systems: the posterior cardinal, the subcardinal, and 
the supracardinal systems. Aberrant completion of this com- 
plex embryogenesis may result in four anatomic variants: 
duplicated IVC, transposition or left IVC, retroaortic left renal 
vein, and circumaortic left renal vein [2-4]. 

Development of the left-sided IVC and retrocaval ureter as 
described in this case requires two simultaneous caval anom- 
alies. In this case, formation of the left IVC required regression 
of the supracardinal system, which normally forms the infra- 
renal segment of the IVC, and persistence of the left subcar- 
dinal system. A retrocaval ureter results from persistence of 
the ventral venous elements of the subcardinal system as the 
infrarenal segment of the IVC, rather than the normal supra- 
cardinal system that lies dorsal to the ureter [5, 6]. The 
embryologic integrity of the hepatic (prerenal) and renal seg- 
ment derived from the subcardinal system is maintained [3]. 
The left-sided IVC would then receive the left renal vein before 
crossing anterior to the aorta at the level of the renal vein, 
continuing cephalad in the normal prerenal portion of the IVC 
[2, 3]. This is the usual route for venous return with left-sided 
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IVC. Other anomalous routes into the thorax via azygous or 
hemiazygous continuation have been well described [3]. 

The importance of diagnosing left IVC and retrocaval ureter 
has been well documented. Radiologic and surgical aware- 
ness will prevent problems when planning aortic aneurysm 
repair, left sympathectomy, renal transplantation, donor eval- 
uation, nephrectomy, and adrenalectomy. It will also aid in 
evaluating retroperitoneal masses or adenopathy and avoid- 
ing accidental laceration or ligation of the anomalous IVC, 
which may lead to death [4]. 

In summary, a case of left-sided IVC and retrocaval ureter 
is reported. Radiologic evaluation including excretory urog- 
raphy, CT, and venography. However, other techniques such 
as MR imaging and sonography are documented also [2]. 
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Fig. 1.—A, Excretory urogram shows severe 
left hydronephrosis, hydroureter, and medial de- 
viation of ureter with S or fishhook deformity at 
point of obstruction (arrow). 

B and C, Enhanced CT scans of abdomen 
progressing inferiorly obtained after excretory 
urography (arrowhead, inferior vena cava [IVC]; 
arrow, left ureter). Ureter courses medially and 
posterior to transposed IVC. 

D, Left femoral venogram shows opacification 
of left IVC, crossing at level of renal veins (L2 
level) and continuing superiorly on right side as 
normal prerenal segment of IVC. 


REFERENCES 


1. Chuang VP, Mena CE, Hoskins PA. Congenital anomalies of the inferior 
vena cava: review of embryogenesis and presentation of a simplified 
classification. Br J Radiol 1974;47: 206-213 

2. Giordano JM, Trout HH. Anomalies of the inferior vena cava. J Vasc Surg 
1986;3:924-928 

3. Mayo J, Gray R, St. Louis E, Grosman H, McLoughlin M, Wise D. Review: 
anomalies of the inferior vena cava. AJR 1983;140:339-345 

4. Brener BJ, Darling RC, Frederick PL, Linton RR. Major venous anomalies 
complicating abdominal aortic surgery. Arch Surg 1974;108: 159-165 

5. Clements JC, Mcleod DG, Greene WR, Stutzman RE. A case report: 
duplicated vena cava with right retrocaval ureter and ureteral tumor. J Urol 
1978; 119(2):284-285 

6. Gladstone RJ. An acardiac foetus. J Anat 1905;40:71-81 

7. Brooks RE. Left retrocaval ureter associated with situs inversus. J Urol 
1962;88(4): 484-487 


547 


Case Report 





Infarcted Undescended Testis Appearing as a Calcified 


Abdominal Mass in an Adult 


Andrew C. Wilbur,’ Kiumars Mostowfi,* Julius Heydemann,'* and Reynaldo C. Daza’ 


The two most important complications of undescended 
testis are infertility and testicular cancer [1]. Testicular torsion 
with infarction is a less common but well-recognized compli- 
cation of undescended testis [1, 2]. We present a case in 
which an infarcted testis appeared as a calcified abdominal 
mass on radiographs. 


Case Report 


A 40-year-old man was hospitalized with a 1-day history of severe 
right-sided abdominal pain and vomiting. The patient said he was 
otherwise healthy and described childhood surgical groin exploration 
for an undescended testicle in which no testis was found. Physical 
examination revealed diffuse tenderness and fullness in the right 
abdomen and no palpable right testicle. 

Abdominal radiographs showed a peripherally calcified 11-cm mass 
in the right lower abdomen and pelvis (Fig. 1). Excretory urography 
showed normal kidneys and bladder. CT revealed a cystic mass with 
a densely calcified wall and homogeneous central fluid density (Fig. 
2A). CT also showed absence of the right spermatic cord, confirming 
the diagnosis of undescended testis (Fig. 2B). Because of the radio- 
logic findings, a tumor of the undescended testis was suspected as 
a possible cause of the patient’s pain. 

At surgery, unsuspected acute cholecystitis was discovered and 
cholecystectomy was performed. The cystic abdominopelvic mass 
was densely adherent to the cecum, parietal peritoneum, and internal 
inguinal region, but was resected without difficulty. The right vas 
deferens was found connected to the deep aspect of the mass. 


Pathologically, the mass was a pseudocyst with a hyalinized and 
extensively calcified wall. The cyst cavity was filled with yellowish- 
brown oily fluid. A segment of histologically normal vas deferens was 
attached to the external surface. The pathologic interpretation was 
testicular infarction with pseudocyst formation. No evidence of testic- 
ular neoplasia was found. The gallbladder was acutely inflamed and 
contained multiple stones. 


Discussion 


Acute torsion with infarction of an intraabdominal unde- 
scended testis is a rare cause of an acute surgical abdomen, 
usually misdiagnosed preoperatively in adults as acute ap- 
pendicitis or diverticulitis [3]. Prenatal, intrauterine torsion of 
an undescended intraabdominal testis is a very rare cause of 
a symptomatic or asymptomatic abdominal mass in the neo- 
nate [4-6]. In our case, the chronically infarcted testis was 
asymptomatic and was discovered only because of the pa- 
tient's gallbladder disease. Testicular torsion and infarction 
probably occurred in utero and went unrecognized in the 
neonatal period and during the patient’s childhood groin dis- 
section for undescended testis. It is less probable, but pos- 
sible, that infarction occurred near the time of the childhood 
surgery. The details of this procedure are unknown. 

In two of three reported cases of prenatal torsion of an 
intraabdominal testis in a neonate, radiographs showed a 
partially calcified mass [4, 5]. In the third neonate, the infarcted 
abdominal testis appeared as a noncalcified mass on radio- 
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Fig. 1.—Plain abdominal radiograph shows an 
11-cm calcified mass in lower right abdominal 
quadrant. 


vessels and ureter. 
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Fig. 2.—A, Enhanced CT scan shows a peripherally calcified cystic mass anterior to right iliac 


B, CT scan at level of symphysis pubis shows normal spermatic cord structures on left side (solid 


arrow) and absence of right spermatic cord (open arrow) indicative of undescended right testis. 


graphs and as a cystic, septated mass on sonograms [6]. In 
our adult case, the CT finding of a peripherally calcified cystic 
mass depicted the chronic end stage of hemorrhagic infarc- 
tion. It has been hypothesized that complete resolution of 
early intrauterine testicular infarction accounts for the condi- 
tion of monorchism [6]. 

In this case, CT showed that the ipsilateral spermatic cord 
was not present, implying that the mass was an undescended 
testicle. When present in a male with a lower abdominal or 
pelvic mass, this finding should alert one to the possibility of 
a mass of testicular origin. 

Detection of malignancy is an important role of CT and 
other imaging studies in patients with undescended testis 
who do not undergo surgery [7]. Significantly, torsion of an 
intraabdominal testis in adults is associated with testicular 
malignancy in at least half of cases [3]. 

In summary, infarction of an undescended testis is a rare 
but recognizable cause of a calcified abdominal mass. The 
undescended testis is subject to an increased risk of neoplasia 


and torsional infarction. Both conditions should be considered 
in the patient with an impalpable testis, an abdominal mass, 
and an absent spermatic cord. 
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Osteochondritis Dissecans of the 
Knee: Value of MR Imaging in 
Determining Lesion Stability and the 
Presence of Articular Cartilage Defects 





Osteochondritis dissecans is a lesion of articular surfaces that is of uncertain etiology. 
These lesions are seen on radiographs as a bony defect or fragmentation of the 
subchondral bone. A bony defect may be an actual surface hole or the defect may be 
filled with fibrous tissue or fibrocartilage. Similarly, the apparent bone fragments may 
be only partially attached so they are unstable and prone to displacement or they may 
be firmly attached with fibrous tissue. Knowledge of fragment stability and the presence 
of an articular cartilage defect is useful in deciding on treatment. This information cannot 
be determined on plain films or clinical examination. We correlated MR examinations 
with arthroscopic findings in 21 patients with osteochondritis dissecans of the knee to 
see if MR imaging could be used to predict lesion stability and articular cartilage defects. 
A high-signal interface between the lesion and the femur was used as evidence of 
lesion instability and was found in 15 lesions. One of these lesions was questionably 
stable at surgery; the remainder were unstable and partially attached. The other six 
patients had displaced fragments with large articular defects that were clearly visualized 
on the MR examinations. 

We conclude that MR imaging is useful in evaluating articular surface defects and 
lesion stability in patients with osteochondritis dissecans. 
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Osteochondritis dissecans (OCD) of a femoral condyle is a common articular 
lesion in adolescents and young adults. Although most lesions are thought to be 
traumatic in origin, other proposed causes include mechanical stress, familial 
dysplasia, peripheral avascular necrosis, and fat emboli [1, 2]. 

In some patients with OCD, the decision of whether to operate immediately or 
manage conservatively can be difficult [3, 4]. The plain films may show either a 
subchondral bone defect or fragmentation of the subchondral bone. If there are 
partially attached cartilage or bone fragments, the fragments should be fixed or 
drilled to help healing, or they should be debrided [5-7]. 

Plain films and clinical examination cannot determine whether fragments are 
attached firmly or only partially. Accordingly, a number of techniques including 
radionuclide bone scanning [4, 8-10], computed arthrotomography [11], and MR 
imaging [10, 12-14] have been used to determine the status of OCD lesions. 

We report our experience in using MR imaging to evaluate lesion stability and 
articular cartilage defects in 21 patients with distal femoral OCD in whom arthro- 
scopic correlation of the findings was available. 


Materials and Methods 


MR scans of the knees were obtained in 47 patients with OCD of one of the femoral 
condyles. The 21 patients who also had arthroscopic evaluation and treatment of OCD form 
the basis of this report. There were 18 men and three women with an average age of 19 
years (range, 12-35). The adjacent growth plate was closed in 17 of the 21 patients. All the 


550 DE SMET ET AL. 


patients had chronic knee pain. Two patients had had knee pain for 
5 and 7 months, respectively; the remainder had had pain for 2-15 
years. Three of the patients who had a history of mild knee pain were 
shown to have acutely displaced bone fragments on radiographs. 

The classification of plain film findings devised by Hughston et al. 
[2] was used to determine the location of the lesions on the femoral 
condyle. On the anteroposterior films, one lesion was in the femoral 
notch; 15 involved the notch and a portion of the central surface of 
the condyle; and five were localized to the central, nonmeniscal 
portion of the condyle. On the lateral films, 19 lesions were directly 
distal to a line projected down the posterior cortex of the femur, that 
is, on the weight-bearing surface while the patient was standing. Two 
lesions were posterior to this line in a position of loading with knee 
flexion, such as when climbing stairs. 

All examinations were performed on a 1.5-T General Electric Signa 
MR unit (Milwaukee, WI) with a dedicated transmit-and-receive ex- 
tremity coil. Slice thickness was 3 mm with an interslice gap of 1.5 
mm. The field of view was 12-16 cm with a matrix of 256 x 128; 
two excitations were used. Spin-echo imaging was used. T1- 
weighted sequences, 600/20 (TR/TE), were used, as were two-echo 
sequences, 2000/20, 90, which were proton-density-weighted and 
T2-weighted, respectively. 

The first five patients had coronal and sagittal T1-weighted images 
followed by a T2-weighted sequence in the plane in which the lesion 
was best visualized. The last 16 patients had both coronal and sagittal 
T2-weighted images and T1-weighted images only in the plane in 
which visualization of the lesion was optimal. This protocol was used 
because the T2-weighted images best defined the joint surface and 
the reactive interface between the fragment and the femur. 

Each MR scan was evaluated by one observer without knowledge 
of the arthroscopic findings for fragment signal intensity, articular 
cartilage defects, and evidence of instability as listed in the following 
sections. Signal intensity within the fragment on both T1- and T2- 
weighted images was graded by comparing the fragment signal with 
the surrounding femoral medullary space by using a grading system 
in which —2 = markedly decreased or absent signal, —1 = mildly or 
moderately decreased signal, 0 = intensity equal to that of femoral 
marrow, +1 = moderately increased signal, and +2 = markedly 
increased signal equal to that of joint fluid. 

The T2-weighted images were also evaluated for (1) the presence 
or absence of high signal at the fragment-femur interface (Figs. 1B, 
2B, 2C, and 3C), (2) disruption of the subchondral bone plate (Figs. 
2B, 2C, 3C, 4B, and 4C), (3) adjacent focal cystic areas (Fig. 3D), (4) 
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displaced fragments within the joint (Fig. 4D), and (5) defects in the 
articular cartilage (Fig. 4C). 

The MR findings were then compared with the arthroscopic find- 
ings to see if there were differences between the stable, partially 
attached, and displaced lesions. On the basis of arthroscopic findings, 
the lesions were divided into four groups. One lesion was stable (Fig. 
1), three were partially attached with intact cartilage (Fig. 2), 11 were 
partially attached with cartilage fractures (Fig. 3), and six had dis- 
placed fragments (Fig. 4). Partially attached lesions with intact carti- 
lage were those that were ballotable with probing, but the cartilage 
was intact at arthroscopy. In partially attached lesions with cartilage 
fractures, the fractures were seen at arthroscopy and the lesions 
were ballotable or could be elevated by probing. Loose fibrous 
granulation tissue was often found in the bases of the partially 
attached fragments that could be elevated. A stable lesion was one 
that did not show bony union on plain films but at surgery showed 
no cartilage fracture, no cartilage softening, and was not ballotable 
with probing. 


Results 


Intensity of signal within the lesions did not differ between 
the stable or two categories of partially attached lesions. On 
T1-weighted images, the lesions had inhomogeneous signal 
ranging from grades 0 to —2 (Fig. 3B). Fragment appearance 
for the stable or partially attached lesions on T2-weighted 
images was more variable. Four lesions were homogeneous 
with —2 absent signal. The remainder had an inhomogeneous 
pattern with focal areas ranging from +2 high signal to —2 
absent signal with marked variation between the lesions (Figs. 
1B, 2C, and 3C). 

Lesions with displaced fragments had only bone defects, 
so no partially attached fragment could be assessed for 
central signal or high signal at the adjacent bone interface. All 
six patients with displaced fragments had bony defects filled 
with joint fluid that was of intermediate signal on T1-weighted 
images and of high signal on T2-weighted images (Figs. 4B 
and 4C). 

All patients with partially attached fragments had a high- 
signal line at the interface between the lesion and the femur 


Fig. 1.—Stable osteochondritis dissecans di- 
agnosed at surgery. 

A, Preoperative plain film shows large medial 
condyle lesion. 

B, Sagittal MR image, 2000/90, shows high- 
signal line (arrowheads) above fragment; this 
resulted in false-positive MR diagnosis of unsta- 
ble fragment. Two years after drilling, lesion 
appeared healed on plain film and MR (not 
shown). 
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Fig. 2.—Partially attached osteochondritis dissecans with intact cartilage. 

A, Plain film shows medial condyle defect with central fragment. 

B and C, Sagittal (B) and coronal (C) MR images, 2000/90. Bone-fragment interface shows high signal (arrowheads), indicating unstable fragment. 
Signal within fragment is nonspecific, being mostly —2 absent signal but with linear —1 and +2 signal within it. Subchondral bone plate appears disrupted 
(arrows), although cartilage was intact at arthroscopy. 


Fig. 3.—Partially attached osteochondritis 
dissecans with cartilage fracture. 

A, Plain film shows lateral condyle defect. 

B-D, High signal on MR images at fragment- 
bone interface and cyst indicate fragment is 
unstable. MR reveals that large plain film defect 
is filled with fibrous tissue or fibrocartilage. On 
coronal MR image, 600/20 (B), fragment has 
central homogeneous —1 signal. On coronal MR 
image, 2000/90 (C), fragment has nonspecific 
mixed —1 low (arrows) and —2 absent signal. On 
sagittal MR image, 2000/90 (D), subchondral 
plate is disrupted (arrow) with adjacent cyst 
(arrowhead). 
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(Figs. 2B, 2C, and 3C). Even the stable lesion had a definite 
high-signal line at the fragment-femur interface (Fig. 1B). 

Nine of the 20 patients with partially attached or displaced 
fragments had round, cystlike areas in the femur adjacent to 
the OCD (Fig. 3D). These cystic areas were of intermediate 
signal intensity on T1-weighted images and of very high signal 
intensity on T2-weighted images. The stable lesion did not 
have an adjacent cyst. 

The subchondral bone plate was disrupted on both T1- and 
T2-weighted images in all 21 patients (Figs. 2B, 3D, 4B, and 
4C). Loose bodies were found on MR imaging in all six 
patients with displaced fragments. These loose bodies were 
visualized as low-signal filling defects completely or partially 
surrounded by high-signal joint fluid on T2-weighted images 
(Fig. 4D). If there were multiple loose bodies, it was difficult 
to find all of the loose bodies on the MR scan. Correlation 
with the plain films was needed to confidently identify several 
fragments embedded in the synovium. Two loose bodies were 
cartilaginous and were seen on MR images but not seen on 
the plain films. 


Discussion 


Although many imaging methods have been used to study 
OCD fragments, imaging of large series of patients to deter- 
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Fig. 4.—Osteochondritis dissecans with dis- 
placed fragment. 

A, Plain film shows bony defect in medial 
femoral condyle (arrow). 

B-D, MR reveals that small plain film defect 
is actually a large surface cavity. On coronal MR 
image, 600/20 (B), defect is filled with interme- 
diate-signal fluid. On sagittal MR image, 2000/ 
90 (C), defect is filled with high-signal fluid. On 
sagittal MR image, 2000/90 (D), displaced frag- 
ment (arrow) is embedded in fat pad with over- 
lying fluid. 


mine lesion stability has been reported only for radionuclide 
imaging [4, 9, 10] and MR imaging [10]. With radionuclide 
scanning, findings between stable and unstable fragments 
overlap. Radionuclide scanning also provides no anatomic 
information on articular surface deformity. 

We expected that MR imaging would be ideal for evaluation 
of OCD because of its noninvasive nature, absence of ionizing 
radiation, excellent anatomic detail, and soft-tissue contrast 
allowing cartilage visualization. We had hoped that, in addition 
to detecting surface defects, MR could accurately distinguish 
between stable and unstable fragments. Our observation that 
one patient with a stable lesion had MR findings similar to the 
unstable lesions was disappointing but consistent with the 
literature. Mesgarzadeh et al. [10] found that MR imaging 
was 92% sensitive and 90% specific in separating nine stable 
from 12 loose lesions. They misdiagnosed one healed lesion 
as unstable using disruption of the cartilage surface and the 
presence of a high-signal line as criteria for lesion instability. 

The most dramatic role for MR imaging is in visualizing the 
presence and size of articular cartilage defects and identifi- 
cation of cartilaginous loose bodies. This information was 
useful in preoperative planning and in advising the patient 
about the poorer prognosis with a large cartilage defect. 

Because of our one false-positive diagnosis of lesion insta- 
bility, we are using the presence of a high-signal line beneath 
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the lesion as a suggestive but not absolute indicator of an 
unstable lesion. Although our one false-positive case did not 
meet our arthroscopic criteria for an unstable lesion, we think 
but cannot prove that the lesion was still unstable. Although 
the lesion appeared stable at surgery, it had an overlying 
dimple and the arthroscopist drilled the lesion to induce 
healing. The lesion began healing immediately and was com- 
pletely healed in 2 years. We think that although the lesion 
was Stable to probing, microscopic fragment motion occurred 
under greater forces generated by weight bearing. This pa- 
tient's knee had been painful with activity for 2 years before 
we began caring for him. The patient was followed up for 1 
year with a conservative program including 3 months of knee 
bracing and the use of crutches. The patient had knee pain 
with ambulation throughout the conservative management 
period but ran without knee pain within 7 months after 
surgery. 

Mesgarzadeh et al. [10] found that eight of their nine stable 
lesions had no high signal at the fragment interface. We also 
noted in a previous study [15] that the absence of a high- 
signal line in talar OCD was a reliable sign of a healed OCD. 
On the basis of these two studies, we have been assuming 
that patients with no high signal at the interface have healed 
lesions. Large series of patients with MR examinations and 
treating patients conservatively until bony union occurs will 
be needed to see if absence of a high-signal interface is a 
reliable sign of a stable lesion. 

The reason patients with stable or partially attached lesions 
and intact cartilage had apparently disrupted cartilage on MR 
imaging in the presence of intact cartilage at arthroscopy is 
unknown. Mesgarzadeh et al. [10] also noted apparent carti- 
lage discontinuity on MR imaging in 11 of their unstable 
lesions, but only five had disrupted cartilage at surgery. 
Presumably the cartilage suffers an initial injury with either 
reparative tissue or old hemorrhage persisting at that site. 
We cannot explain why this tissue in the articular cartilage 
and subchondral bone plate region would have persistent 
Signal characteristics resembling fluid or granulation tissue. 

The high-signal interface at the junction between the frag- 
ment and the femur is not as puzzling. Histologic studies after 
MR imaging of avascular necrosis of the femoral head have 
found that granulation tissue at the margins of the necrotic 
bone can present as a high-signal line [16, 17]. In agreement 
with these femoral head studies, we noted at surgery that 
partially attached fragments often had fibrous granulation 
tissue in the base of the defect. 

Focal cystic areas beneath the fragments were seen only 
with unstable fragments. We previously showed that in talar 
OCD such cysts were seen only with unstable fragments 
[15]. These cysts were found to be cavities filled with granu- 
lation tissue [15]. Further study of patients with proven stable 
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lesions will be needed to prove that cystic areas are never 
seen in stable lesions. 

In summary, MR imaging of OCD provides unique infor- 
mation by detecting cartilaginous loose bodies and articular 
surface defects. High signal at the fragment interface was 
seen in all unstable lesions but also in one questionably stable 
lesion. Cystic lesions beneath the fragments were seen only 
in unstable lesions. On the basis of these findings, we believe 
that MR imaging is useful in evaluating lesion stability and 
articular cartilage defects in patients with femoral OCD. 
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Book Review 





The Radiologic Clinics of North America. Orthopedics. Guest editor: Murray K. Dalinka. Philadelphia: Saunders, 
March 1990;28(2):233-488. $25; by subscription, 6 issues annually for $93 


The guest editor brought together 33 contributing authors who are 
experts in the field of musculoskeletal radiology. They review some 
of the more recent advances in diagnostic imaging. The chapter on 
drug-induced changes discusses teratogenic and nonteratogenic ef- 
fects caused by prescription drugs and alcohol. The authors of the 
chapter on skeletal trauma think that the reporting of this type of 
injury could be improved, and they suggest a logical organization for 
radiologic reports of such trauma. The chapter on bone densitometry 
discusses various methods for measuring bone density. These meas- 
urements are useful in diagnosing and evaluating osteoporosis, but 
the relative value of these techniques has not yet been determined 
completely. 

“Magnetic Resonance Imaging of the Shoulder” points out that 
compared with conventional techniques, MR imaging offers superior 
tissue contrast and multiplanar capability. Rotator cuff tears, osteo- 
necrosis, synovitis, and marrow inflammation can be detected. “The 
Elbow, Emphasizing Trauma” explains plain film imaging of the elbow 
in detail, but CT and MR imaging are not discussed. Special features 
of pediatric trauma are shown. “Advanced Imaging of the Wrist” 
explains the application of arthrography, CT, and MR imaging to 
various wrist problems, mostly traumatic. 

“Advances in Spinal Imaging” is an update on MR imaging, digital 
radiography, radionuclide scanning, three-dimensional CT, and so- 
nography of the spine. In “The Postoperative Lumbar Spine,” post- 
operative problems are grouped into logical categories related to the 
disease process or the previous surgery. The chapter states that MR 
is better than plain films or CT in imaging most of these conditions. 
The authors of the chapter on thoracic and lumbar spine trauma note 
that CT has allowed newer concepts in classification of injuries to the 
spine. They discuss injuries under two headings: (1) minor isolated 
fractures and (2) major fractures and fracture-dislocations. 

MR imaging has replaced arthrography for evaluation of the knee, 
but a degree of skill is required to avoid misdiagnosis. The authors 
of “Advances in MRI of the Knee” explain their protocol in detail. The 
chapter on ankle trauma discusses classification schemes of ankle 


fractures. No CT scans or MR images are shown. The chapter on 
trauma to the foot describes evaluation of minor injuries with plain 
radiographs. MR will play a role in the future. Major injuries are best 
evaluated with CT. Another chapter discusses the imaging techniques 
of choice for evaluation of various athletic injuries. Bone scans are 
best for stress reactions and stress fractures, CT or MR imaging for 
osteochondral injuries, and MR for soft-tissue injuries. 

The author of “CT of Joint Injuries” prefers CT for examining most 
injuries near joints. The exception is osteochondritis dissecans of the 
knee, for which MR is better. “MR of Bone and Soft Tissue Tumors” 
points out that although plain films and bone scans are important, 
MR is assuming a growing role in the evaluation of these lesions for 
tumor characterization and differentiation and for response to treat- 
ment. The authors of the chapter on metastatic bone disease develop 
a practical algorithm for studying these cases. It is imperative that 
bone scans be read concurrently with the plain radiographs to avoid 
misinterpretations. Single-photon emission CT, MR, and needle bi- 
opsy are assuming greater roles. 

In conclusion, this eclectic text is organized anatomically with some 
notable gaps in coverage, namely the hip and the cervical vertebrae. 
Similarly, although considerable emphasis is given to MR, that tech- 
nique is not discussed in the sections on the elbow or the ankle. 
Because the book has several authors, some discussions are redun- 
dant. For example, tarsal navicular fracture is mentioned in three 
places. The sections on drug effects and bone densitometry seem 
out of place in this orthopaedic issue. The illustrations are plentiful 
and of high quality. Those who subscribe to this series for an update 
on current imaging will not be disappointed with this issue. Those 
who are looking for a short text on musculoskeletal MR imaging will 
have to look elsewhere to fill in the blanks. 
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Total Knee Replacement: Radiologic 
Findings in Failure of Porous-Coated Metal- 
Backed Patellar Component 





One technique for replacing the articular surface of the patella in total knee replace- 
ment is the use of a cementless porous-coated metal-backed polyethylene component. 
Anteroposterior, lateral, and Merchant or skyline radiographs in 10 cases of porous- 
coated metal-backed components that failed were evaluated for component alignment, 
component displacement, radiolucencies, loose beads, and integrity of the patellar 
component. Component failure was documented by surgery in all 10 cases. Seven cases 
of failure involved the patellar pegs or junction of the pegs with the metal backing and 
three cases involved the polyethylene portion. In the seven cases of peg-metal backing 
failure, three cases showed loose beads before failure and seven cases showed 
displacement of the metal backing at time of failure. All three cases of polyethylene 
failure showed narrowing or displacement of the polyethylene portion. 

Our experience shows that displacement of the metal backing, displacement of the 
polyethylene, and disruption of patellar pegs are seen in failed porous-coated metal- 
backed patellar components. Loose beads may be seen before peg-metal backing 
failure. 
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A total knee replacement replaces the articular surface of the knee with metal 
and polyethylene components. Most knee prosthetic designs have tibial, femoral, 
and patellar components. Patellar articular surface replacement in total knee 
replacements is recommended to decrease patellofemoral joint pain and compli- 
cations [1]. Early patellar components were all polyethylene. Metal backing was 
added to these components to transmit load more uniformly to the bone, to 
decrease the tendency of the polyethylene to deform under load, and to add metal 
porous coating to achieve bone ingrowth for biological fixation [2]. 

Figure 1 shows the type of porous-coated metal-backed patellar component 
evaluated in this study (Microloc prosthesis by Johnson and Johnson, Braintree. 
MA). The Microloc prosthesis is one of several porous-coated metal-backed patellar 
components available. The polyethylene portion is dome-shaped and articulates 
with the anterior groove in the femoral component of the total knee prosthesis. 
The metal backing or metal plate is a titanium alloy that does not extend to the 
outer margin of the polyethylene. Metal pegs (two or three) are attached to the 
metal backing. The porous coating is made of small metal beads sintered to the 
pegs and metal backing. The porous coating allows biological fixation of the patellar 
component by bone ingrowth between the metal beads. 

Retrospectively, radiographs of 10 known failed patellar components were 
evaluated to determine if any specific radiologic findings are seen before component 
failure or at the time of failure. 


Materials and Methods 


Ten cases of surgically confirmed patellar component failure were evaluated retrospectively. 
These cases were not consecutive. Radiographs of the patella before and after failure were 
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available for all patients. The radiographs were evaluated for com- 
ponent alignment, displacement of portions of the patellar component, 
developing component radiolucencies, loose metallic beads, and in- 
tegrity of patellar components. Radiographic projections included 
anteroposterior films, lateral films, and Merchant [3] or skyline patellar 
views. In several patients, tangential radiographs also were obtained 
after positioning the bone-metal interface parallel to the radiographic 
beam under fluoroscopy. 

A standard format was used for evaluating radiographs. Alignment 
of the femoral and tibial components was evaluated on the antero- 
posterior and lateral films. The varus or valgus alignment at the knee 
was measured along with the alignment of the femoral and tibial 
components with respect to the femur and tibia. Patellar alignment 
and positioning were evaluated on the lateral and Merchant views. 
The patellar tilt, lateral vs medial placement, and size of the patellar 
component vs patellar length were measured [4]. 

The radiographs were evaluated by at least two experienced 
radiologists. The second interpreter knew the results of the first 
interpretation. Differences in opinion were resolved by consensus. 
The reviewers had no clinical information except that the patients had 
had surgery for revision of the patellar component. 


Results 


The results are summarized in Tables 1 and 2. Table 1 
shows each of the cases evaluated, along with the findings 
on radiographs obtained before and at the time of failure. 
Table 2 shows the number of cases with specific radiologic 
findings of polyethylene failure and peg metal failure. 

Of the 10 knee replacements evaluated, seven had com- 
ponent failure of the patellar pegs or junction of the patellar 
pegs with the metal backing (Fig. 2). Seven cases showed 
displacement of the metal backing relative to the patella, and 
seven cases showed loose beads at the patellar pegs at the 
time of failure diagnosis (Fig. 3). Three cases showed evi- 
dence of loose beads at the patellar pegs before actual 
displacement of the metal backing away from the patella 
occurred (Fig. 4). No cases showed metal-bone radiolucencies 
greater than 2 mm before component failure. Four cases of 
the peg-plate failures showed no loose beads and no evidence 
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of metal bone radiolucency on the most recent radiograph 
before demonstration of component failure. 

Three of 10 components had failure of the component with 
separation of the polyethylene from the metal backing (Fig. 
5). Two of these had narrowing of the polyethylene compo- 
nent, and two had displacement of the polyethylene compo- 
nent away from the metal backing. All three polyethylene 
failures had narrowing and/or displacement of the plastic 
component at the time the failure was diagnosed. 

The postsurgical alignment of the patellar components was 
similar to that in a previous study by Gomes et al. [4], who 
evaluated patellar positioning in total knee replacements. 
Radiographs of the tibial and femoral components in these 
10 cases did not show evidence of failure. 


Discussion 


The primary sites of patellar component failure in our study 
were at the peg—metal backing interface and at the polyeth- 
ylene-metal interface. Previous studies on metal-backed com- 
ponents have also shown most failures to be related to the 
polyethylene-metal interface and peg-metal interface [5-8]. 

Shear forces on the patella cause separation of the poly- 
ethylene from the metal backing [6]. Once there has been 
partial separation of the polyethylene from the metal backing, 
part or all of the polyethylene may displace from the metal 
backing. This type of failure was shown on radiographs as 
narrowing or displacement of the polyethylene. 

Shear forces also cause fatigue fracture of the peg—metal 
backing interface [6]. Fatigue fracture at the peg-metal inter- 
face was shown on radiographs as displacement of the metal 
backing or fracture at the peg—metal backing junction. 

Fixation of porous-coated noncemented prostheses re- 
quires bone ingrowth into the small spaces between the metal 
beads. Rigid fixation occurs only in the areas of bone in- 
growth. Animal studies have shown consistent bone ingrowth 
into pegs and failure of ingrowth into the metal backing of 
porous-coated knee replacements [6]. Patellar shear forces 


Fig. 1.—A, Radiograph shows nor- 
mal appearance of porous-coated 
cementless metal-back patellar com- 
ponent (arrow shows position of poly- 
ethylene portion). 

B, Photograph of metal-back patellar 
component shows porous coating, po- 
rous-coated pegs (curved arrow), and 
polyethylene portion (straight arrow). 
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KNEE REPLACEMENT COMPONENT FAILURE 


TABLE 1: Findings on Radiographs of Patellar Component Failure 


plate displacement 





~~ 
Case Findings Findings : 
No. Before Failure After Failure Type of Failure 
1 Loose beads Loose beads; metal Fracture at peg-plate junction 
plate displacement 
2 Polyethylene narrowing Polyethylene narrowing; Separation of polyethylene 
polyethylene dis- from metal backing 
placement 
3 Loose beads Loose beads; metal Fracture at peg-plate junction 
plate displacement 
4 None Loose beads; metal Fracture at peg-plate junction 
plate displacement 
5 None Loose beads; metal Separation of beads from 
plate displacement inner patellar peg 
6 None Polyethylene displace- Separation of polyethylene 
ment from metal backing 
ti None Loose beads; metal Fracture at peg-plate junction 
plate displacement 
8 Polyethylene narrowing Polyethylene narrowing Polyethylene narrowing and 
separation of polyethylene 
% from metal backing 
9 Loose beads Loose beads; metal Fracture at peg-plate junction 
plate displacement 
10 None Loose beads; metal Fracture at peg-plate junction; 


separation of beads from 


59/ 


TABLE 2: Summary of Findings on Radiographs by Failure 

Type 

es 
No. of Patients 





Finding Pol vist With Peg-Metal 

ge at a Backing Failure 
Polyethylene narrowing 2 0 
Polyethylene displacement 2 0 
Loose beads before failure 0 3 
Loose beads after failure 0 7 

Metal backing displacement after 

failure 0 7 
Total 3 7 


a 


can then lead to fatigue fracture at the peg-metal backing 
junction. 

Radiologically, several patellar components were unre- 
markable before failure. This finding correlates with previous 
studies of failed porous-coated metal-backed patellar com- 
ponents in which the diagnosis of failure was unknown before 
surgery in 28% [7]. In our study, however, all 10 cases 
demonstrated at least one abnormal radiologic finding of the 
patellar component at the time of failure diagnosis. 

Loose beads and polyethylene narrowing were seen before 
diagnosis of patellar component failure. Although loose beads 
have been shown in successful porous-coated metal-backed 
patellar components, their occurrence is rare. A previous 
study on porous-coated metal-backed patellar components 
of similar design showed only one loose bead associated with 
one patellar component in 40 knee replacements with an 
average follow-up of 12.9 months [9]. Wear of polyethylene 
components has been shown in most prosthesis designs 
[10]. Narrowing of the polyethylene of porous-coated metal- 


inner patellar peg 


backed patellar components is not a specific sign of compo- 
nent failure as it may only indicate wear of the polyethylene. 

Displacement of the polyethylene from the metal backing, 
displacement of the metal backing from the patella, and 
fracture of the pegs are the radiologic findings we consider 
important in diagnosing failure of porous-coated metal-backed 
patellar components. Other studies with different types of 
successful porous-coated metal-backed patellar components 
have shown stable patellar fixation with follow-ups for as long 
as 3-4 years [11-13]. These studies have not shown dis- 
placement of the metal backing or polyethylene in successful 
patellar components [11-13]. Although a controlled study of 
the prevalence of these findings in successful porous-coated 
metal-backed patellar components has not been done, pre- 
vious studies indicate that these findings are rare in successful 
porous-coated metal-backed patellar components. 

In our study, the most common reason for revision of the 
failed patellar components was pain. In one patient, revision 
was not needed until 1 year after radiologic diagnosis of 
patellar component failure. 

The recent reports of failure with porous-coated metal- 
backed patellar components have made the use of these 
components more controversial, but these components still 
have many potential advantages over non-metal-backed ce- 
mented components. Also, complications of non-metal- 
backed patellar components have been relatively common 
and include patellar dislocation, patellar fracture, loosening, 
and wear of the polyethylene portion and avulsion of the 
ligamentum patellae [1]. 
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Fig. 2.—Merchant-view radiograph 
shows lateral displacement of metal 
backing and separation of porous coat- 
ing (curved arrow) from inner metal 
core (straight arrow) of patellar pegs. 


Fig. 3.—Lateral radiograph shows 
inferior displacement of metal backing 
(arrow) with fracture of metal peg-plate 
junction. Loose metallic beads are 
seen in joint space. 


Fig. 4.—Lateral radiograph shows a 
few loose beads (arrow) in component 
that later showed fracture at peg-plate 
junction. 


Fig. 5.—Radiograph shows portion 
of polyethylene (arrows) that has sep- 
arated from metal backing and is dis- 
placed inferiorly. 
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Case Report 





Cervical Prevertebral Fat Stripe: A Normal Variant 
Simulating Prevertebral Hemorrhage 


Curtis A. Lewis,’ Mauricio Castillo, and Patricia A. Hudgins 


We present a rare case of marked cervical prevertebral 
soft-tissue thickening detected on plain films in a patient being 
examined for acute cervical spine trauma in whom subse- 
quent CT examination showed a large prevertebral fat stripe 
but no acute injuries. To our knowledge this finding, which 
has not been previously reported, is a normal variant that 
should be recognized in order to avoid further unnecessary 
diagnostic workup and treatment. 


Case Report 


A 52-year-old obese woman was sent to the emergency depart- 
ment complaining of mild neck pain after a motor vehicle accident. A 
cross-table lateral plain radiograph, made with the patient in a cervical 
collar, showed significant prevertebral soft-tissue thickening (at C3: 
23 mm; at C5: 22 mm) and a questionable fat density anterior to the 
vertebral bodies. No bone abnormalities were identified. The cervical 
collar was removed, and lateral radiographs with the patient's head 
flexed and extended were obtained (Fig. 1A). Again, the thickness of 
the prevertebral soft tissues was increased, measuring 12 mm at C3 
and 21 mm at C5. Bilateral oblique, anteroposterior, and odontoid 
view radiographs showed no bone abnormalities. CT utilizing 3-mm 
axial sections from C1 to C7 and sagittal reformations showed a fat 
Stripe extending from C2 to C7 (Figs. 1B and 1C). No prevertebral 
hematoma or fractures were identified. The patient was discharged, 
and a follow-up visit 2 weeks later showed the patient to be asymp- 
tomatic. 


Discussion 


Assessment of the prevertebral soft tissues is an essential 
part of the interpretation of lateral cervical spine radiographs 
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[1]. Prevertebral soft-tissue swelling may reflect edema and/ 
or hemorrhage in patients with acute cervical spine trauma 
[2]. This may be the only, or the most obvious, sign of cervical 
injury on radiographs [1]. With the neck in mild extension, the 
precervical soft tissues measure an average of 4 mm anterior 
to C3 (range, 3-6 mm) and 15 mm (range, 10-20 mm) at C5 
[3, 4]. 

A prevertebral cervical “fat stripe” seen on lateral radio- 
graphs has been described [5]. This linear stripe represents 
areolar tissue in the retropharyngeal and retroesophageal 
spaces. Although the fat stripe is present in all persons [6], it 
is not identifiable on all radiographs. To our knowledge, the 
percentage of normal lateral radiographs that show a fat stripe 
is not known. Anterior displacement and more commonly 
obliteration of the fat stripe on radiographs is a sensitive sign 
of underlying cervical disease and is due to hematoma/edema 
associated with trauma or to invasion of the prevertebral 
space by neighboring neoplasms [5]. Lipomas can occur in 
the retropharyngeal space and present as focal masses, 
rather than extensive prevertebral soft-tissue thickening [7]. 

In our patient, conventional radiographs showed marked 
prevertebral soft-tissue thickening and a questionable prever- 
tebral linear fat density (Fig. 1A). CT clearly showed that a 
large precervical fat stripe was responsible for the plain film 
findings (Figs. 1B and 1C). We suggest that in obese patients 
the precervical fat stripe may be enlarged. 

Abnormal prevertebral soft-tissue thickening in a neurolog- 
ically intact patient without cervical spine fractures and in 
whom the cervical prevertebral fat stripe is not visualized on 
the lateral radiograph should be studied with MR. MR can 
establish the cause of the thickening (i.e., fat, edema, and/or 
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A B 


Fig. 1.—A, Lateral radiograph of cervical spine made with patient in deep inspiration with head extended (target-film distance: 6 ft). Note prevertebral 
soft-tissue thickening (C3, 12 mm; C5, 21 mm) (arrows). Immediately anterior to vertebral bodies, soft tissues are somewhat radiolucent, suggesting 
presence of fat. No fractures are seen. 

B, CT scan at C3 shows fat density in prevertebral space (arrow). 

C, Midline sagittal reformatted CT scan shows that prevertebral soft-tissue thickening noted on plain radiographs is due to a large fat stripe extending 
anteriorly from C2 through C7 (arrows). 
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The Unsuspected Double 
Collecting System on Imaging 
Studies and at Cystoscopy 





Five children (three girls and two boys) who had a duplex collecting system with an 
ectopic ureter or a ureterocele that was not detected with either imaging or cystoscopy 
were seen during a 10-year period. Four had urinary tract infection. The fifth was noted 
to have hydronephrosis when CT scanning of the abdomen was done for trauma. In 
each case, voiding cystourethrography showed reflux into what was thought to be a 
single (nonduplex) collecting system, but was found during surgery to be the lower pole 
of a duplex system. Excretory urography in four patients, sonography in two, and CT 
scanning in one did not show signs of duplication on the affected side. In each case 
cystoscopy failed to show a duplex system on the affected side. The diagnosis of 
duplication of the collecting system with ectopic ureter or ureterocele was made in each 
case only when the bladder was opened to reimplant the ureter. Direct opacification of 
the previously unsuspected upper pole ureter in each case showed it to be blind-ending 
and terminating at the level of the kidney. 

Radiologists and surgeons should be aware that duplex systems may not always be 
visible on urography and sonography. 
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The diagnosis of duplication of the renal collecting system with either ectopic 
ureter or ectopic ureterocele is usually straightforward. Several well-known signs 
of duplication can be seen indirectly with excretory urography or voiding cystog- 
raphy, or directly with sonography. However, on occasion, no such signs are 
present (Fig. 1). Herein, we report five children, each of whom had a completely 
unsuspected duplex collecting system. Four had an ectopic ureteric insertion and 
one had a tiny ectopic ureterocele. All were first discovered during surgery to 
correct reflux into what was thought to be a single collecting system. In order to 
avoid confusion when such a discovery is made, radiologists and surgeons should 
be aware that duplex systems occasionally may be invisible on urography and 
sonography. 


Materials and Methods 


The records of the radiology department for the 10-year period from August 1979 to July 
1989 were reviewed. We reviewed the medical records, imaging studies, and operative notes 
of children who had a duplex collecting system that was unsuspected preoperatively. 


Results 


Five children (three girls and two boys) had a duplex system with an ectopic 
ureter or an ectopic ureterocele that was not diagnosed preoperatively. The children 
were 32-7 years old at the time of diagnosis. Four were evaluated because of 
urinary tract infection. The fifth was noted to have unilateral hydroureteronephrosis 
during CT examination after trauma to the abdomen. None of the three girls had 
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Fig. 1.—Nondemonstrable dou- 
ble collecting system. Unlike the 
typical duplex system with upper 
pole hydronephrosis, upper pole 
calices and ureter are diminutive. 
Ureter ends extravesically or in tiny 
ureterocele or bladder diverticulum 
that cannot be seen on imaging 
studies. 
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urinary incontinence, even though each had an extravesical 
ectopic ureteral orifice, because the upper pole moiety in each 
had no function. 

All underwent voiding cystourethrography (Fig. 2). Each 
had ipsilateral vesicoureteral reflux into what was thought to 
be a single (nonduplex) collecting system, but was found 
during surgery to be the lower pole of a duplex system. The 
reflux ranged in grade from 2 to 5 (on a scale of 1-5). One 
patient also had contralateral grade 2 reflux into a single 
system. Another had contralateral grade 2 reflux into the 
lower pole of a duplex system. 

Four patients underwent excretory urography (Fig. 3). The 
fifth underwent enhanced CT. Each study was interpreted as 
showing a single system on the affected side. In three, the 
affected kidney was small and diffusely scarred. In a fourth, 
there was focal scarring of the upper portion of the kidney. 
One also had a contralateral normal duplex system. 

The two patients examined most recently underwent so- 
nography (Fig. 4). In both, the sonogram was interpreted as 
showing a single system on the affected side. In one, the 


Fig. 2.—Voiding cystourethrograms. 

A-C, Cases 2-4, respectively. Se- 
vere reflux into what appears to be a 
single (nonduplex) collecting system is 
shown. 

D-F, Case 5. Massive reflux causes 
distortion of ureter and collecting sys- 
tem, obscuring signs of duplication (D 
and E). Drainage film (F) shows de- 
compression of collecting system, but 
signs of duplication are still absent. 
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Fig. 3.—Excretory urogram (case 3). Right 
kidney is small and scarred and appears to have 
a single collecting system. 





Fig. 4.—Sonogram (case 4). Kidney is small 
and scarred with no sonographic signs of dupli- 
cation. 


kidney was small and scarred. Marked hydronephrosis with 
focal thinning of the upper portion of the kidney was seen in 
the other. 

All underwent cystoscopy. In none was the occult duplex 
system recognized because in three the upper pole ureteral 
orifice was extravesical, in one the ureterocele was so tiny 
that it was not seen, and in one both the upper pole and 
lower pole ureters entered a bladder diverticulum. 

Direct opacification of the previously unsuspected upper 
pole ureter was performed in each case when it was discov- 
ered. The ectopic ureter was not followed to its site of 
insertion, except in the cases where it ended in a tiny ectopic 
ureterocele or bladder diverticulum. Instead, an incision was 
made in the ectopic ureter and the catheter was inserted. The 
appearance was that of a blind-ending ureter terminating at 
the level of the kidney (Fig. 5). In one child, the tiny ureterocele 
also was shown. 

Surgery consisted of common-sheath reimplantation of the 
ipsilateral ureters in each case. Resection of the upper moiety 
was not done because of its dysplastic appearance and 
absence of function. In addition, the child with contralateral 
reflux into the lower pole of a duplex system underwent 
contralateral common-sheath reimplantation. The child with 
contralateral reflux into a single system underwent reimplan- 
tation of that ureter. The one ureterocele was excised, and 
the patient with the bladder diverticulum underwent diver- 
ticulectomy. One child underwent ipsilateral upper pole hem- 
inephrectomy 3 years later for pain and persistent urinary 
tract infections associated with stenosis of the upper pole 
ureteral orifice. 


Discussion 


The imaging diagnosis of an abnormal duplex collecting 
system is usually straightforward and depends on demon- 
Strating either the abnormal upper moiety (directly with so- 
nography or indirectly with excretory urography or both) or 
the lower moiety (with voiding cystourethrography when there 
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is reflux into it). The diagnostic urographic signs of the ab- 
normal upper moiety reflect its dilatation, its obstruction, and 
often its dysplasia [1]. Sonography usually shows a dilated 
upper moiety and its dilated ureter, as well as a ureterocele if 
one is present [2]. The lower moiety usually has a character- 
istic appearance as well, which can be modified by obstruction 
or reflux. 

The sonographic and urographic signs of duplication on 
which we rely to make the diagnosis will be absent if there is 
a diminutive nonfunctioning upper moiety, as was the case in 
all of these children. In addition, marked lower pole hydrour- 
eteronephrosis due to reflux can distort the lower moiety so 
extensively as to further obscure signs of duplication, as was 
the case in one of our patients (case 5). 

An ectopic ureterocele, if present, can usually be seen 
directly by sonography, cystourethrography, or excretory 
urography, or at cystoscopy. Its presence alone strongly 
suggests the diagnosis of duplication even if no upper tract 
signs of duplication are present; others have described this 
situation [2-4]. We have previously reported it as well, and 
have called it “ureterocele disproportion” [1]. In the only child 
reported here who had an ectopic ureterocele, it was invisible 
on preoperative imaging studies and at cystoscopy because 
it was so tiny. 

Redman et al. [5], in reporting similar cases, stated that a 
duplex system should be suspected “whenever duplication 
occurs on the contralateral side regardless of the (ipsilateral) 
radiographic appearance.” This is not practical. Contralateral 
duplication was present in only one of the children reported 
here and was not a helpful sign, because children with a 
duplex system on one side more often have a single and not 
a duplex system on the other [6]. 

Surgery was performed in each child for what was thought 
to be vesicoureteral reflux into a kidney with a single collecting 
system. In each the unsuspected second (upper pole) ureter 
was not discovered until the bladder was opened and the 
periureteral incision made. Even in retrospect, in none of 
these children could the diagnosis of an abnormal duplex 
system have been made preoperatively, with either imaging 
or cystoscopy. It is important for the radiologist and surgeon 
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to be aware that occasionally it is impossible to diagnose a 
duplex system preoperatively, so as to avoid confusion and 
consternation at the time of surgery [5]. 
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Meeting News 





The Society for Pediatric Radiology: 33rd Annual Meeting, 


April 1990 


Elizabeth Whalen! 


The 33rd annual meeting of The Society for Pediatric Ra- 
diology (SPR) was held April 19-22, 1990, at the Westin 
Hotel, Cincinnati, OH. Some 300 participants had the oppor- 
tunity to hear and discuss 44 major papers and 68 short 
papers. Other highlights of the program included an SPR 
Symposium (“Congenital Heart Disease: Present and Future 
Considerations”); the first Pioneers’ Session; the Neuhauser 
Lecture, given by William H. Northway, Jr.; the presentation 
of the 1990 SPR awards; a film-interpretation panel; and a 
special talk by Robert C. Brasch on the subject of funded 
research in pediatric radiology. 

Although the SPR program was filled with interesting and 
informative presentations, space limitations make it impossi- 
ble for us to mention every speaker. The following summaries 
cover the major areas of pediatric radiology (chest, gastroin- 
testinal tract, genitourinary system, musculoskeletal system, 
neuroradiology, and new technology) and three of the special 
presentations (the Neuhauser Lecture, the discussion of 
funded research, and the 1990 SPR awards). 


Pediatric Chest Imaging 


Keith S. White (Duke University Medical Center, Durham, 
NC) described a rabbit study in which functional residual 
capacity of the lung was determined successfully by use of 
digital radiography. Dr. White and coworkers first used helium 
dilution to determine functional residual capacity in 13 anes- 
thetized, intubated, and paralyzed rabbits. The results of 


helium dilution were then compared with an estimate of 
functional residual capacity based on digitized frontal/lateral 
radiographs. The two measurements correlated well (r = .96, 
p < .001). These researchers concluded that digital radiog- 
raphy can be used to accurately measure functional residual 
Capacity in neonates and that minor revisions in methodology 
may improve accuracy further. 


Imaging of the Pediatric Gastrointestinal Tract 
Sonography 


In a prospective study, F. Vignault and others (Ste. Justine 
Hospital, Montreal, Canada) showed that sonography can 
help diagnose appendicitis with high accuracy. Seventy pa- 
tients (age range, 4-18 years) underwent sonographic eval- 
uation; in all cases, either surgical correlation or clinical follow- 
up (=1 month) was available. Sonograms were considered 
positive when the appendix was well visualized, larger than 6 
mm, and noncompressible. Of the 35 patients with positive 
sonograms, 31 were found at surgery to have appendicitis; 
in the remaining 35 patients with negative sonograms, symp- 
toms resolved in 33. For these 70 patients, sonography 
predicted appendicitis with a sensitivity of 94%, a specificity 
of 90%, a positive predictive value of 89%, a negative predic- 
tive value of 94%, and an overall accuracy of 91%. In the 
discussion after the presentation, Dr. Vignault suggested that 
this unusually high accuracy rate was due to the extra time 
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and patience taken when obtaining the sonogram. In most 
cases, the radiologist spent 15-25 min to complete the ex- 
amination; furthermore, the abdomen was compressed very 
gradually to avoid causing pain, thereby obtaining better 
cooperation from patients. 

Henrietta Kotlus Rosenberg (The Children’s Hospital of 
Philadelphia) described a study in which sonography was 
used to develop guidelines for normal spleen size in infants 
and children. This prospective study involved 203 patients 
(52 infants, 0-12 months old; 151 children, 1-20 years old). 
Inclusion criteria were normal size, position, and echotexture 
of the liver and both kidneys. Patients were excluded if they 
had a history of trauma; diseases related to the liver, spleen, 
or gastrointestinal tract; or any hematologic or oncologic 
problems. These researchers found that sonographic spleen 
length (the longest longitudinal distance between the dome 
of the spleen and the tip) correlated well with age, height, and 
weight. From the data collected in this study, they suggested 
the following guidelines for upper limits of normal spleen 
length: for infants, normal spleen length is <5 cm at 3 months, 
<6 cm at 6 months, <7 cm at 12 months; for children, normal 
spleen length is <8 cm at 1-2.5 years, <9 cm at 5 years, 
<10 cm at 10 years, and <12 cm at 15 years. In this 
investigation, interobserver variability was very low (0.1-0.2 
cm). Further statistical work will be done to refine these data. 


Contrast Material 


A study concerning the optimal injection rate and timing of 
contrast-enhanced CT of the liver in children was presented 
by Lawrence R. Kuhns (Children’s Hospital of Michigan, De- 
troit). The analysis of 50 consecutive CT scans of children 
(weight range, 4-50 kg) involved obtaining precontrast scans 
followed by 1-cm, contiguous scans with carefully timed, 
constant infusion of 2 ml/kg of Omnipaque 240 at various 
rates (0.78-7.0 ml/kg/min). To determine the optimal injection 
rate and timing, the researchers computed the increase in 
liver density in Hounsfield units over time. Although the av- 
erage increase in liver density did not change significantly 
with different infusion rates, the highest increases in liver 
density (49-51 H) were seen with injection rates between 1 
and 3 ml/kg/min. The most important finding of this study is 
that the timing of contrast-enhanced scans should be based 
on the dose rate being used. For the five dose-rate groups 
used in this study, the following average peak times were 
found: 153 sec for <1 ml/kg/min; 113 sec for 1-2 ml/kg/min; 
82 sec for 2-3 ml/kg/min; 75 sec for 3-4 ml/kg/min; and 69 
sec for >4 ml/kg/min. 

Mervyn D. Cohen (Riley Hospital for Children, Indiana Uni- 
versity Medical Center, Indianapolis) described a cooperative 
study with radiologists at the Children’s Hospital of Michigan 
to compare the usefulness of barium and iohexol for contrast 
examinations of the gastrointestinal tract in children. The 
safety, tolerability, and quality of radiologic visualization were 
evaluated for contrast examinations using iohexo! with 180 
mg |/ml (iohexol-180), iohexol with 300 mg I/ml (iohexol-300), 
or barium. In examinations of 64 patients (studied randomly 
and blindly), barium proved to be significantly better in terms 
of radiologic efficacy than either dose of iohexol (12 of 22 
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barium studies were rated as excellent, whereas only four of 
the 21 iohexol-180 studies and seven of the 21 iohexol-300 
studies received excellent ratings). Furthermore, mucosal 
coating was better with barium than with iohexol (poor mu- 
cosal coating was found in 12 iohexol-180 studies and six 
iohexol-300 studies, but in only one barium study). All side 
effects seen were self-limiting, but 17 and 12 adverse effects 
occurred in studies done with iohexol-180 and iohexol-300, 
respectively, and only one side effect occurred in barium 
studies. These researchers concluded that, although iohexol 
can be used to examine the pediatric gastrointestinal tract, 
iohexol studies cause more side effects and reduced quality 
images when compared with barium examinations. Therefore, 
the best use of iohexol will be in those pediatric examinations 
in which barium is contraindicated. 

In a study presented by Sandra L. Wootton (University of 
California, San Diego), barium, nonionic contrast media (Gas- 
trografin and iohexol), and brominated perfluorocarbons 
(PFOB and PFHB) were compared for their usefulness in 
helping to diagnose ileal obstruction and ischemia in the 
neonate. Accurate assessment of such obstruction is impor- 
tant; as oral contrast agents, PFOB and PFHB have the 
advantages of excellent radiographic density, chemical and 
biological inertness, and lack of both osmotic effects and 
adverse effects due to aspiration or extravasation. Dr. Woot- 
ton and coworkers studied 12 groups of six rats in a double- 
blinded fashion. After surgical clamping of the ileum to pro- 
duce obstruction, each rat received either one of the five 
contrast agents or, for control rats, a saline solution. The 
radiographs obtained were reviewed by three radiologists on 
two separate occasions and were rated for contrast density, 
mucosal definition, speed of transit, and bowel distension. In 
all cases, PFOB and PFHB were judged more radiodense 
than the other contrast agents: 82% rated Gastrografin the 
least radiodense, whereas PFOB, PFHB, and barium were 
rated the most radiodense by 44%, 33%, and 23%, respec- 
tively. Similar evaluations were made of the quality of mucosal 
detail (PFOB and PFHB were ranked best in 36% and 44% 
of the decisions, respectively; Gastrografin was ranked worst 
by 77%). Although Gastrografin and iohexol had the highest 
speed of transit, they also were judged by the interpreters to 
cause the most bowel distension; PFOB and PFHB provided 
quicker transit than barium without the significant bowel 
distension seen in the rats given Gastrografin or iohexol. 
These results indicate that PFOB and PFHB are excellent oral 
contrast agents for assessment of location and character of 
small-bowel obstruction in rats and that they seem to have 
excellent potential for safe evaluation of such obstructions in 
the neonate. 


Imaging of the Pediatric Genitourinary System 


Richard D. Bellah (The Children’s Hospital of Philadelphia) 
discussed the potential usefulness of endovaginal sonogra- 
phy in children. Twenty-seven postmenarchal patients (me- 
dian age, 16 years) had both transabdominal and endovaginal 
sonographic examinations; five of these patients had follow- 
up studies of both types, and one patient had endovaginal 
follow-up only. The 32 examinations were compared for image 
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quality, useful diagnostic information, and patient comfort and 
acceptance. In 27 (84%) of the studies, the endovaginal image 
was rated higher in quality than the transabdominal image; in 
one (3%) of the examinations, the transabdominal image was 
considered to be better. The diagnostic information from the 
studies was about equal in 14 (44%) of the studies; in the 
other 18 studies (56%), additional diagnostic information was 
obtained from the endovaginal sonogram. Furthermore, the 
endovaginal examination was more acceptable to 15 (56%) 
of the patients; the transabdominal method was rated more 
acceptable by five (19%); and the examinations were consid- 
ered equally acceptable by seven (26%) of the patients. These 
results indicate that endovaginal sonography is a worthwhile 
adjunct to transabdominal sonography in children. Although 
the field of view is limited on endovaginal images, they do 
provide exquisite detail and add important diagnostic infor- 
mation. 

Bladder injury is one aspect of the “lap-belt complex” 
described in a study presented by Carlos J. Sivit (Children’s 
National Medical Center, Washington, DC). Other related 
problems include fractures or dislocations of the lumbar spine 
and bowel injuries. From January 1983 to January 1990, Sivit 
and colleagues reviewed the CT scans of 28 children who 
sustained blunt abdominal trauma as passengers in motor 
vehicle accidents. All these patients had linear ecchymosis 
across the abdomen, which is the hallmark of lap-belt injuries. 
Seventeen of these patients had internal injuries, and the 
difficulty of diagnosing these injuries on CT resulted in delayed 
diagnoses in eight cases. The delayed diagnoses included 
three of nine lumbar spine problems and five of six hollow- 
viscus injuries (both solid-organ injuries were diagnosed by 
CT). Furthermore, administration of oral contrast material did 
not add any information to the CT diagnosis. These investi- 
gators strongly urge that anteroposterior and lateral lumbar 
spine radiographs be added to the imaging protocol for pa- 
tients with the lap-belt complex; when interpreted along with 
CT findings, the results of these examinations can help pre- 
vent delays in diagnosis. In addition, physicians should con- 
sider using peritoneal lavage and/or exploratory laparotomy 
whenever a child with lap-belt injury has bowel wall thickening 
or unexplained peritoneal fluid on CT. 


The First Annual Pioneers’ Session: Pediatric 
Musculoskeletal Imaging 


The 1990 SPR session on musculoskeletal imaging was 
also the first annual Pioneers’ session to honor individual 
physicians who have been important in the development of 
pediatric radiology. This Pioneers’ session was dedicated to 
John Caffey, and the award was accepted by his student and 
friend, Bertram R. Girdany. 

The first study presented in the Pioneers’ session con- 
cerned assessment of the frequency and significance of thick- 
ening of the hypertrophied chondrocyte layer within the 
growth plate of abused infants who have fractures through 
the adjacent primary spongiosa. Paul K. Kleinman and col- 
leagues (University of Massachusetts Medical Center, 
Worcester) reviewed the cases of 13 infants (age range, 3- 
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22 weeks) with a total of 55 fractures (33 metaphyseal 
fractures: 21 healing, 12 not healing; 22 rib fractures: 20 
healing, two not healing). Results showed a significant differ- 
ence in the thickness of the zone of hypertrophied chondro- 
cytes relative to the zone of proliferating cartilage; this ratio 
was significantly higher in areas of fractures that were healing 
(2.29) than in the other areas studied: normal areas with no 
fracture (0.49), normal areas contralateral to a fracture (0.62), 
normal areas adjacent to fractures (0.71), and areas of frac- 
tures that were not healing (0.81). These results have great 
potential usefulness for dating metaphyseal injuries in abused 
infants because the radiologic finding of localized extension 
of the radiolucent growth plate into the metaphysis appears 
to be an indication of a healing fracture. 

Scintigraphic measurement of the growth plate activity was 
the topic of another report, which was presented by H. T. 
Harcke (Alfred |. DuPont Institute, Wilmington, DE). In scinti- 
graphic studies of the knee, two uptake ratios were consid- 
ered: the ratio of the uptake in the medial half of the plate to 
the reference activity in the metaphysis (M/R) and the ratio of 
the uptake in the lateral half of the plate to the reference 
activity in the metaphysis (L/R). The researchers developed 
normal values from scintigrams of 42 normal knees in patients 
aged 3.5-17.0 years; for example, at 5 years of age, normal 
left femur ratios were M/R = 4.29 and L/R = 5.69. They used 
these ratios to evaluate plate closure in nine knees 2-21 
months after epiphysiodesis (surgery to close the plate pre- 
maturely). The results indicated a correlation between the 
percentage variation from age-related norm and the time after 
epiphysiodesis. Furthermore, by 9 months after the surgery, 
ratios were lower than normal in patients whose surgery was 
successful (growth plate closed) and higher than normal in 
patients whose surgery was not successful. Dr. Harcke listed 
the following unresolved questions that call for further re- 
search in this area: (1) Are these results reproducible? (2) 
What are the effects of gender-related differences? (3) How 
early can successful closure be predicted? (4) Will more 
studies of normal subjects change the normal criteria used 
here? 

Diego Jaramillo (Massachusetts General Hospital, Boston) 
reported an animal study to determine whether MR imaging 
is useful in the evaluation of normal and damaged chondro- 
epiphysis. MR images were obtained of the lower extremities 
of 10 newborn rabbits and three newborn lambs; the extrem- 
ities also were studied with radiographs, autoradiographs. 
and histologically. In both T1-weighted and T2-weighted MR 
images, the different structures (ossification center, spherical 
growth plate, physis, epiphyseal cartilage, and articular carti- 
lage) of the chondroepiphysis could be distinguished from 
one another. The studies were repeated after one lamb and 
10 rabbits were sacrificed and the right iower extremities 
were metabolically altered with heat. Histology and autoradi- 
ography of the 10 rabbits showed changes in 10 marrow 
specimens and 10 epiphyseal specimens; nine of these mar- 
row changes and six of the epiphyseal changes were seen 
on MR images, but radiographs revealed none of these inju- 
ries. The researchers concluded that MR imaging can detect 
the formation of the epiphyseal ossification center before it 
can be seen on radiographs, distinguish between the different 
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structures of the chondroepiphysis, and detect damaged 
epiphyseal and physeal cartilage. 


Pediatric Neuroradiology 
Head and Neck 


Results of a multicenter, 9-year study of embolotherapy of 
the head and neck were reported by R. Towbin (Children’s 
Hospital of Michigan, Detroit; two other cooperating institu- 
tions were Children’s Medical Center, Cincinnati, OH, and 
Children’s Medical Center, Dayton, OH). The researchers 
retrospectively reviewed the records of 49 patients who had 
undergone a total of 71 vascular interventions involving the 
head and neck. Embolic agents used included Gelfoam, Ivalon 
coils, detachable balloons, absolute alcohol, and tissue ad- 
hesive. Cases were divided into three categories: facial arte- 
riovenous malformations (15 patients, 31 procedures); dis- 
ease processes treated by intracranial embolization (vein of 
Galen malformations, six patients; arteriovenous malforma- 
tions or fistulas, five patients; and cavernous carotid fistulas, 
three patients, for a total of 14 patients and 18 procedures). 
In the group with facial arteriovenous malformation, Ivalon 
was the most used embolic material, and all these emboliza- 
tions resulted in positive effects (palliation in 10 and possible 
cure in five). Complications in this group included pain (seven), 
temporary facial weakness (two), and stroke (one). Serial 
embolizations distally are mandatory in this group and are an 
excellent alternative to surgery. For intracranial embolizations, 
tissue adhesive was the most used embolic material. This is 
the most challenging group of patients, and several compli- 
cations occurred, inciuding intimal flap (one), transitory nys- 
tagmus (one), headache (two), and death (three, all of whom 
had vein of Galen malformations). Embolization of head and 
neck tumors was shown to limit intraoperative blood loss, 
gain vascular control, and reduce tumor volume. No compli- 
cations occurred related to embolotherapy of head and neck 
tumors. These researchers concluded that emboiotherapy of 
the head and neck can be used safely and effectively both as 
primary and adjunctive therapy in children. 

in a study aimed at correlating MR findings with the 
subgroups of patients with cerebral palsy, Rosalind B. Dietrich 
and colleagues (University of California, Los Angeles) studied 
68 patients with cerebral palsy (age range, 3 weeks to 18 
years). MR findings distinguished four subgroups: (1) six of 
seven patients with choreoathetoid movements had areas of 
high signal intensity in the basal ganglia on T2-weighted 
images; (2) eight of nine patients with spastic diplegia had 
findings consistent with periventricular leukomalacia; (3) 12 of 
13 patients with infantile hemiplegia had predominantly uni- 
lateral structural abnormalities; and (4) nine of 22 patients 
with spastic quadriplegia had extensive multicystic encepha- 
lomalacia (extensive gliosis also was seen in this group). The 
remaining 17 patients (15 of whom were delivered at term) 
had no distinctive MR characteristics to allow classification. 
These MR classifications can aid in determining the type and 
timing of intrauterine or perinatal insult and therefore help to 
identify problems early and evaiuate them accurately. 

George A. Taylor (The Johns Hopkins University School of 
Medicine, Baltimore, MD) discussed a study done to validate 
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volume-flow measurements of cerebral blood flow by color 
flow imaging and Doppler sonography. Six different radiola- 
beled microspheres were used to determine changes in cer- 
ebral blood flow in 12 newborn lambs. in nine animals, these 
changes were compared with simultaneously obtained Dop- 
pler volume flow measurements in the middle cerebral artery; 
in the other three animals, the anterior cerebral artery was 
used for the Doppler measurements. Good correlation (r = 
.88, p = .0001) was found between percentage changes in 
cerebral blood flow (—70% to 206% of baseline) and the 
similar changes in Doppler volume flow changes (—67% to 
157%). These researchers found that, in any individual animal, 
changes in cerebral blood flow can be estimated very well by 
color flow imaging (r = .82-.99, p < .05). However, measure- 
ments of relative volume flow between animals showed sig- 
nificant variability (r = .42, p = .001). (Discussion after the 
presentation brought up the fact that cerebral blood flow in 
human infants may be less variable than in lambs, so it may 
be possible to use color flow imaging to establish norms for 
infants.) The results of this animal study indicate that color 
flow imaging used in conjunction with Doppler spectral analy- 
sis can significantly improve the accuracy of cerebral blood 
flow measurement over the measurements by mean velocity 
or pulsatility measures alone. Nevertheless, systolic/diastolic 
differences in vessel diameter and intrinsic error in true di- 
ameter measurements still limit the accuracy of measure- 
ments obtained with color flow imaging. 

Thirteen cases of posterior fossa hemorrhage in infants 
treated with extracorporeal membrane oxygenation (ECMO) 
were studied by Dorothy I. Bulas and coworkers (Children’s 
National Medical Center, Washington, DC). The purpose of 
the study was to identify sonographic patterns of posterior 
fossa abnormality so that posterior fossa hemorrhage may 
be recognized earlier. in 10 of the 13 cases studied, posterior 
fossa hemorrhage was identified with sonography (there was 
also one false-positive sonogram); the other three cases were 
found on follow-up CT scans. in the 10 cases identified with 
sonography, the sonographic findings included hydrocephalus 
(10 cases); heterogeneous echogenicity of the cerebellum 
(nine cases); indistinct margins of the fourth ventricle (nine 
cases); elevation, shift, or thickening of the tentorium (eight 
cases); and hypoechogenic masses (seven cases). Seven of 
these 10 patients died within 4 days of the sonogram. Further 
study of the three posterior fossa hemorrhages seen on CT 
but not on sonography showed that these hemorrhages 
tended to be small (<1 cm) and limited to the subdural space; 
all three patients survived with minimal motor delay. These 
researchers concluded that the identified sonographic pat- 
terns for posterior fossa hemorrhage can be used to identify 
such hemorrhages earlier in high-risk infants being treated 
with ECMO. 

Nancy Rollins (Children’s Medical Center, Dallas, TX) pre- 
sented the results of a study to determine whether gadolinium 
improved the diagnostic accuracy of MR imaging in children 
with medulloblastoma and ependymoma. Thirty-two patients 
with medulloblastoma and 10 with ependymoma were studied 
(age range, 15 months to 19 years); all studies were post- 
operative, follow-up examinations. T1-weighted and T2- 
weighted spin-echo sequences were obtained before admin- 





istration of gadolinium; postcontrast sequences were 
T1-weighted. Of the 10 patients with ependymoma, nine had 
abnormal cranial MR; five of these nine had recurrent tumor 
that enhanced with gadolinium. Of the 32 patients with me- 
dulloblastoma, 11 had abnormal cranial MR; nine of these 11 
had recurrent tumor, but only six enhanced with gadolinium. 
Preliminary conciusions from these results are (1) recurrent 
medulloblastoma does not consistently enhance with gadolin- 
ium-enhanced MR imaging; (2) recurrent ependymoma seems 
to enhance consistently with gadolinium-enhanced MR im- 
aging (more cases are needed to verify this conclusion); and 
(3) gadolinium enhancement is not necessary to find large 
bulky tumors but is most helpful in identifying smaller tumors. 


Spine 


Michael A. DiPietro (University of Michigan, Ann Arbor) 
presented the results of a study in which preoperative MR 
images and radiologist-directed intraoperative sonograms 
were correlated with tissue, pathologic, and surgical findings 
in children with intramedullary spinal cord lesions. The records 
of nine patients (age range, 3-18 years) were reviewed ret- 
rospectively; all patients had preoperative MR imaging, intra- 
operative sonography, and surgical-pathologic findings. 
seven types of lesions were found: ependymomas (two 
cases), astrocytomas (two cases), other glioma (one case), 
primitive neuroectodermal tumor (one case), venous vascular 
malformation (one case), neurenteric cyst (one case), and 
schistosomiasis (one case). Both MR images and sonograms 
showed the extent of the abnormalities; however, sonography 
was superior to MR imaging (both unenhanced images, nine, 
and gadolinium-enhanced studies, four) in distinguishing be- 
tween solid and cystic lesions. Sonography also showed 
Clearly the tumor/syrinx interface, which is important for es- 
tablishing a plane of surgical resection. The researchers con- 
cluded that preoperative MR imaging and intraoperative so- 
nography perform different but complementary roles in these 
patients; both define regions of abnormality, but neither study 
can characterize definitely the underlying tissue pathology. 

Sixty-seven patients with sacrococcygeal dimples were 
studied by Mary Ann Radkowski and colleagues (Children’s 
Memorial Hospital, Chicago) to determine if these dimples are 
related to occult spinal dysraphism. Studies of the patients 
included sonography, MR imaging, photography, inspection, 
and palpation for masses. From these studies, the research- 
ers evaluated spinal segments, the spinal canal, cauda equina, 
the level of conus, and the appearance of the spinal cord. 
Fifty-one patients had typical sacrococcygeal dimples (35 
shallow, 16 deep); 16 had atypical dimples (nine shallow, 
seven deep). Only four of the total 67 had abnormal imaging 
results; none of the abnormal results occurred in patients 
who had a typical dimple and no lesion, two of the abnormal 
results were in patients with a typical dimple and a lumbosac- 
ral lesion, and two were in patients with an atypical sacrococ- 
cygeal dimple. These data indicate that children with typical 
sacrococcygeal dimples (and no lesion) do not require sono- 
graphic or MR evaluation; however, the presence of an atyp- 
ical dimple and/or a lesion indicates the need for imaging 
studies. These investigators also found that the percentage 
of suboptimal sonographic studies increased considerably 
after 6 months of age: in patients who were 2 days to 6 
months old, only four (7%) of 56 sonographic examinations 


were suboptimal; in patients who were older than 6 months, 
six (60%) of 10 sonographic studies were either suboptimal 
(five) or nondiagnostic (one). On the basis of these data, 
sonography of sacrococcygeal dimples is recommended pri- 
marily for patients less than 6 months old, and MR imaging is 
recommended for such patients who are 6 months old or 
older. 


New Technology in Pediatric Radiology 


E. A. Franken, Jr., reported on a study that compared 
conventional radiographs with picture-archiving-and-commu- 
nication-system (PACS) images in terms of image quality and 
diagnostic value in a neonatal intensive care unit (a clinical 
situation that demands high-quality images). The PACS con- 
sisted of eight monitors; the digitized image provided a reso- 
lution of 1682 x 2084 x 12 pixels. One of four pediatric 
radiologists prospectively evaluated the quality of both the 
radiograph and the PACS image for each case: 202 consec- 
utive chest and abdominal radiographs and the PACS digi- 
tized images derived from the radiographs made up the study 
material. A record was kept of any change in diagnosis or 
confidence caused by interpretation of the second image 
(which was sometimes the radiograph and sometimes the 
PACS image because the two were distributed in random 
order). A slight preference for the image quality of the PACS 
images was found, and PACS images resulted in a change of 
diagnosis or confidence at least twice as often (35%) as 
radiographs did (14%). These data indicate that PACS images 
are similar in image quality to hard-copy radiographs and 
provide more diagnostic information. These researchers are 
continuing this study to investigate related issues, including 
the convenience of PACS and the comparative times for 
diagnostic interpretation. 

Teleradiography was the subject of a study reported by 
Thomas L. Slovis (Children’s Hospital of Michigan, Detroit). 
These researchers studied the use of teleradiography to help 
them cover the pediatric radiology needs of a remote hospita! 
without expanding their own staff. During a 12-month period, 
4200 teleradiographic images were studied: 968 of these 
studies were double-read (i.e., in 968 cases, the plain film 
was read as well as the teleradiographic image-——-with an 
agreement rate of 98%). The teleradiographic image could be 
manipulated by using window, zoom, and edge-enhancement 
features; reporting of the results was done immediately by 
telephone, with a written report submitted to the remote 
hospital within 24 hours. Physician time to read the telera- 
diographs ranged from 2 to 5 min (average, 3 min); a total of 
35 min of work was added to the staff's work load per day. 
The charge to the remote hospital was $6/examination, which 
added $25,200 to the annual revenue of the department doing 
the readings. Dr. Slovis mentioned several problems with the 
system, including quality control of image acquisition, appro- 
priate transmission (image should be transmitted as it is being 
obtained), an appropriate number of monitors, and accep- 
tance by radiologists (the three senior radiologists on staff 
accepted the innovation better than the junior radiologists 
did). Teleradiography appears to be an important tool to allow 
accurate, final readings of transmitted films; not only can this 
improve service to patients, but it also can significantly in- 
crease departmental revenues without adding additional staff. 
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Diane S. Babcock (Children’s Hospital Medical Center, 
Cincinnati, OH) presented her research on use of Doppler 
sonography for diagnosing peripheral vascular disease in 
children. A retrospective review was performed of the Doppler 
studies of 52 patients (26 with normal vessels, 26 with 
abnormal vessels). Abnormalities included arterial or venous 
thrombosis in patients with central lines, deep venous throm- 
bosis in patients with painful or swollen extremities, arterial 
aneurysm as a complication of vascular punctures, arterio- 
venous fistula mapping in a renal dialysis patient, dilated 
vessel presenting as a mass, right aortic arch, compression 
of a vessel by a mass resulting in extremity swelling, and 
trauma. Options for imaging these children had included Dop- 
pler sonography, venography, scintigraphy, contrast-en- 
hanced CT, and MR imaging. Only Doppler sonography had 
all three of the following advantages: easy mobility of imaging 
equipment, no need for contrast material, and no radiation for 
patient. Sonographic diagnoses of thrombus was indicated 
by echogenic filling defects, lack of normal respiratory re- 
sponse, absence of normal flow on color Doppler, eccentric 
lumen, and collateral veins. Venous valves, on the other hand, 
were visualized as linear and echogenic, so they were not 
confused with thrombus. Predisposing factors for the devel- 
opment of deep venous thrombosis are chronic illness, in- 
dwelling catheters, renal failure, and cancer. Pseuodoaneu- 
rysm is characterized on Doppler sonography by swirling flow 
toward and away from the transducer. These results suggest 
that Doppler sonography is helpful in the evaluation of pedi- 
atric peripheral vessels: these vessels are well visualized by 
sonography; color Doppler imaging helped in localizing the 
vessel, visualizing the thrombus, and speeding up examina- 
tion time; the prominent thymus in a child aids in visualizing 
the superior vena cava; and thrombus, compression, trauma, 
and dilatation can all be diagnosed by this method. 

A prospective study to investigate the potential use of 
chloral hydrate (at doses 80-100 mg/kg, with a maximal dose 
of 2 g) for sedation in children was presented by S. Bruce 
Greenberg (St. Christopher's Hospital for Children, Philadel- 
phia). These investigators studied 300 CT scans in 271 chil- 
dren (average age, 2.2 years old, with most patients <3 years 
old). Complications included vomiting (5%), paradoxical 
hyperactivity (2%); and respiratory complications (1%). Nei- 
ther prolonged sedation (<2 hr) nor cardiovascular complica- 
tions occurred in this study. Problems were encountered with 
6% of the CT scans: motion problems (4%—some were minor 
problems); need for additional sedation (2%); and inadequate 
sedation to obtain usable CT scan (1%). Doses less than 80 
mg/kg of chloral hydrate would be used if hepatic or renal 
dysfunction, respiratory compromise, or depressed mental 
status were present. The high success rates and low compli- 
cation rates indicate that high-dose (80-100 mg/kg) chloral 
hydrate provides safe and effective sedation in children 
undergoing CT. 


Neuhauser Lecture: Bronchopulmonary Dysplasia and 
Research in Diagnostic Radiology 


E. A. Franken, Jr., 1989-1990 President of the SPR, se- 
lected and introduced the Neuhauser Lecturer. Franken noted 


AJR:155, September 1990 


that Wiliam H. Northway, Jr., (Stanford University Medical 
Center, Stanford, CA) was well qualified to give the lecture 
on the basis of two important criteria: he has achieved such 
scientific stature that SPR members can benefit from hearing 
him speak, and he has gained such stature in the SPR that 
he should be asked to speak. 


Bronchopulmonary Dysplasia 


Dr. Northway first discussed the history of his research on 
bronchopulmonary dysplasia; this disease was first described 
by him in 1967 [N Eng! J Med 1967;26(7)]. This study of 32 
infants with respiratory distress syndrome indicated for the 
first time that pulmonary damage may result from barotrauma 
and high (80-100°%e) concentrations of supplemental oxygen. 
Four stages of the disease were defined, with the last stage, 
after artificial ventilation therapy, showing hyperexpansion of 
the lungs, with cystlike changes and chronic lung disease 
beyond 1 month of age. The progression of the disease 
appeared to be linked to the therapy; nine of the 19 patients 
who had undergone less than 150 hr of 80-100% O; venti- 
lation survived and were clinically normal, whereas the nine 
survivors from the group who had undergone more than 150 
hr of ventilation had chronic lung disease. Later research 
focused on the hypothesis that O; therapy helped cause 
bronchopulmonary dysplasia. A study supported by the Na- 
tional Institutes of Health (NIH) that compared control new- 
born mice with newborn mice continuously exposed to 100% 
O; showed that the O; treatment did have a direct, negative 
effect on DNA synthesis and lung growth. Continuous expo- 
sure to 100% O; for 4 weeks produced a chronic lung disease 
similar to bronchopulmonary dysplasia in the 50% of newborn 
mice that survived such exposure. In a long-term clinical 
investigation supported by the NIH, Dr. Northway and col- 
leagues compared 26 patients with bronchopulmonary dys- 
plasia, 26 patients born prematurely but without bronchopul- 
monary dysplasia, and 53 normal subjects. Compared with 
patients in the other two groups, patients with bronchopul- 
monary dysplasia had more hyperexpansion of the lungs, 
increased airway resistance, and more reactive airways dis- 
ease; they also were shorter and weighed less than patients 
in the other two groups. Northway also noted that chest 
radiographs are not good for screening young adults with 
prior bronchopulmonary dysplasia; in a group of 105 patients 
(26 of whom had bronchopulmonary dysplasia), chest radio- 
graphs showed a 100% sensitivity for bronchopulmonary 
dysplasia but a specificity of only 30%. 


Research in Diagnostic Radiology 


In the second part of his lecture, Dr. Northway discussed 
funded research in pediatric radiology; he pointed out that 
pediatric radiologists are doing a great deal of reporting in the 
literature but not enough prospective scientific research. Sci- 
entific clinical research involves a distinct course of events: 
observation, hypothesis, experimentation, induction and in- 
ference, and conclusion (often leading to another hypothesis). 
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When reviewers for the NIH consider a proposal for funded 
research, they evaluate several factors, including the re- 
searcher’s knowledge of published studies on the topic, the 
significance and originality of the topic, the validity of the 
hypothesis, the logic of the study goals, the feasibility and 
adequacy of the proposed experiments, and the importance 
of the new data to be acquired. Dr. Northway commented 
that the aim of medical research is the prevention or cure of 
disease. The successful pursuit of funded research requires 
a commitment by the researcher and the department to take 
40-60% of an individual's time and devote that time to 
scientific research. In conclusion, he listed five essentials for 
success in competing for funded research: a supportive de- 
partmental environment, sufficient time and resources, skills 
and training in research, a specific research focus, and a 
conscious decision by the physician to dedicate the time and 
energy necessary to do high-quality research. 


Funded Research in Pediatric Radiology 


In a lecture complementary and supplementary to the sec- 
ond part of this year’s Neuhauser Lecture, Robert C. Brasch 
(University of California, San Francisco) discussed the reasons 
and methods for funded research in pediatric radiology. 


Reasons for Proposing Funded Research Projects 


Dr. Brasch listed six benefits that funded research can gain 
for pediatric radiology. Such research can improve health 
services, enhance personal pleasure and self-esteem, ensure 
survival of the subspeciality, improve the stature of the 
subspeciality, attract more trainees, and help maintain “turf.” 
Current turf battles for pediatric radiologists include sonog- 
raphy, genitourinary procedures, interventional (including neu- 
rointerventional) procedures, lithotripsy, and MR imaging. 


Methods for Success in Obtaining Research Funds 


Because more researchers than ever are trying to get 
grants from the NIH, obtaining a grant is harder than ever. 
According to Dr. Brasch, award rates for both new and 
renewal proposals have decreased from 50% in 1979 to 30% 
in 1989 and are projected to be only 25% in 1990. Therefore, 
researchers must be aware of proven methods for preparing 
a successful proposal. Dr. Brasch began by giving two real- 
world axioms: the first job of every researcher is to get money, 
and prime, quality time is needed to write a grant. Hopeful 
grant writers are urged to consider joining forces with other 
centers, engage the help of a biostatistician, and develop 
complete data-collection forms. Primary areas for radiologic 
research include detecting disease, classifying disease, stag- 
ing the extent of disease, and evaluating the effects of extrin- 
sic factors on the performance of diagnostic techniques. Even 
the composition mechanics of the proposal are important in 
obtaining funding; for example, if a proposal writer uses 
reasonable margins and readable type sizes, a reviewer may 
be more receptive to the content of the proposal. 
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In conclusion, Dr. Brasch listed several shortcomings that 
cause proposals to be rejected, including lack of hypothesis, 
unclear relevance, poor organization, and obtuse writing. His 
words for those who submit NIH proposals unsuccessfully 
were encouraging. Every successful grant writer also has had 
failures; it is important to keep trying because one of five 
proposals are approved on resubmission. Two hints aid the 
writer of the resubmitted proposal: take the critique from the 
NIH seriously and attend to its suggestions, and consider 
doing another pilot study based on the reviewers’ sugges- 
tions. He summarized his advice to proposal! writers by telling 
them to be credible, logical, clear, concise, and considerate 
of the reviewer. 


SPR Honors and Awards 


The SPR 1990 Gold Medalist was John F. Holt, who has 
made exceptional contributions to the advancement of knowl- 
edge of radiologic signs for understanding normal variants 
and manifestations of heritabie disorders and to the investi- 
gation of skeletal disease in children. Dr. Holt was a founder 
and charter member of the SPR and served as its president 
in 1960. 

Richard Lester of Eastern Virginia College of Medicine was 
made an honorary member of the SPR. Dr. Lester was a 
founding member of the SPR and served for several years as 
secretary-treasurer of the organization. 

Wiliam H. Northway, Jr., received the Society's Neuhauser 
Cup, in recognition of his superb scientific contributions and 
his lecture at this meeting. 

An award of $5000 was announced for each of the following 
SPR Research and Education Fund grant proposals: “Effect 
of Methotrexate on Bone Density During Growth,” by John 
Curran and Vincente Gilsanz; “MRI of Ischemic Damage to 
the Growth Mechanism,” by Diego Jaramillo, David J. Zaleske, 
and Tal Laor; “Colonic Perforation in the Juvenile Porcine 
Model,” by William E. Shiels, Gary L. Keller, Frederick R. 
Ryckman, and Donald L. Kirks. SPR Research and Education 
Fund grant proposal awards of $2500 were given to Sylvia 
S. Ortiz and John H. Miller for “Detection of Subclinical 
Cerebrovascular Disease in Patients with Homozygous Sickle 
Cell Disease” and Keith S. White, William S. Ball, Jr., Erin ©. 
Prenger, Bonnie J. Patterson, and Donald R. Kirks for “Com- 
parison of Radiographic and MRI Evaluation of the Crani- 
ocervical Junction in Down Syndrome.” 

The three best papers presented at this year’s meeting 
also were honored. The John Caffey Award of the SPR was 
given for “Determination of Functional Residual Capacity from 
Digital Radiography in an Animal Model of the Neonatal Chest” 
by K. S. White, A. A. Muelenaer, C. A. Beam, and E. L. 
Effmann. The SPR Silver Award scientific presentation was 
“Intermedullary Pediatric Spinal Cord Lesions: MR, Intra-op- 
erative Sonographic Surgical-Pathologic Correlations” by M. 
A. DiPietro, J. A. Brunberg, J. L. Venes, G. Berkey, and J. M. 
Rubin. The SPR Bronze Award paper was entitled “MRI of 
the Normal and Metabolically Altered Chondroepiphysis” by 
D. Jaramillo, M. Magnusson, and D. Zaleske. 
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Contrast-Enhanced MR Imaging of 
the Facial Nerve in 11 Patients 
with Bell’s Palsy 











Contrast-enhanced MR images (at 1.5 T) were obtained in 11 patients with facial 
palsy. The group included five people with acute idiopathic facia! (Bell's) palsy, three 
with chronic idiopathic facial palsy, and one each with acute facial palsy after local 
radiation therapy, acute facial palsy resulting from herpes zoster virus infection, and 
facial palsy caused by facial neuroma. Eight of the 11 patients demonstrated marked 
enhancement of the affected facial nerve from the labyrinthine portion through the 
descending canal. Three patients also demonstrated mild enhancement of the distai 
canalicular portion of the facial nerve, simulating small distal acoustic neuromas. No 
difference in the pattern of enhancement between the acute or chronic Bels palsy 
patients was seen. Radiographic resolution appeared to lag behind clinical resolution. 
The facial neuroma appeared distinct from the other lesions as a focally enhancing 
mass. The enhancement pattern in the Bell’s group correlated with the histopathologic 
features of Bell’s palsy and is consistent with the viral hypothesis of the syndrome. 

Thin-section contrast-enhanced MR scans are recommended for individuals with 
atypical presentation of facial paralysis. in the proper clinical setting, contrast-enhanced 
MR imaging may permit a positive radiographic diagnosis of Bell’s palsy, which has 
previously been a diagnosis of exclusion. 


AJNR 11:735-741, July/August 1990; AJR 155:573-579, September 1990 


Idiopathic facial, or Bell’s, palsy is the most common cause of lower motor 
neuron facial paralysis [1, 2]. The clinical syndrome may occur at any age and is 
typified by an onset with resolution within 6 to 8 weeks. Idiopathic facial palsy is a 
diagnosis of exclusion, which should be arrived at only if there is a compatibie 
Clinical presentation with no historical or physical findings suggestive of disease 
involving the CNS, temporal bone, or parotid gland. Typical Bell's palsy rarely 
requires radiographic analysis. Imaging studies are indicated in patients whose 
facial palsy persists for longer than 2 months or in whom associated clinical features 
are atypical for Bell's palsy. Examples would include slowly progressive palsy, 
facial hyperfunction (spasm) preceding the palsy, recurrent palsies, unusual degrees 
of pain, and multiple cranial neuropathies. While these atypical presentations may 
be seen in up to 20% of patients with Bell's palsy, neoplastic (e.q., facial or acoustic 
neuroma, parotid malignancies, brainstem tumor), infectious (e.g.. mastoiditis, 
cholesteatoma), or degenerative (e.g., multiple sclerosis) diseases affecting the 
nerve must be excluded before the diagnosis of Bell's palsy can be established. In 
this setting, thorough radiographic analysis of the entire course of the facial nerve-— 
including the brainstem, cerebellopontine angle, temporal bone, and parotid gland-— 
is required. MR imaging detects the majority of anatomic lesions affecting the facial 
nerve; however, multiplanar high-resolution CT scanning is often necessary if subtle 
lesions within the temporal bone are to be detected. 

Until recently, the radiographic diagnosis of idiopathic facial paisy has also been 
one of exclusion, arrived at only when imaging studies are normal. Preliminary 
reports [3, 4] demonstrating enhancement of the intratemporal portion of the facial 
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nerve on gadopentetate-dimegiumine (Magnevist, Berlex Lab- 
oratories, Cedar Knolis, NJ) enhanced MR images in a patient 
with Bell’s palsy suggest that the radiographic diagnosis of 
this entity may be positively made, at least in some cases, 
rather than being inferred by an absence of abnormal findings. 
Enhancement of the facial nerve is nonspecific and is seen 
not only in Bell’s palsy but also in traumatic (postoperative) 
facial palsy [3, 5]. However, in the proper setting, this capa- 
bility may be of substantial benefit to clinicians and patients 
who would otherwise be faced with therapeutic and prognos- 
tic uncertainties that are inherent to a diagnosis made by 
exclusion. In the present study we expand on these initial 
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reports by presenting a series of patients with idiopathic facial 
palsy studied with and without gadopentetate dimegiumine. 


Materials and Methods 


This study is based on findings in 11 patients with facial paralysis. 
No other cranial nerves were clinically affected in this series of 
patients. Eight patients had Bell's palsy, five acute and three chronic, 
(one recurrent, two persistent). One patient with ipsilateral recurrent 
Bell's palsy was imaged during an acute palsy episode (case 3). 
Three other patients with facial palsy were aiso included: one with 
acute Ramsey-Hunt syndrome (facial paralysis, pain, and periauricular 


TABLE 1: MR Enhancement Characteristics in 11 Patients with Facial Palsy 
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interval from 
Onset of Palsy 
to MR Scan 


Origin/Site of 
Facial Palsy 


Case Age 
No. (years) 





Acute left (1) 12 days 
Bell's 
(2) 40 days” 
(3) 80 days* 
Acute left 4 days 
Bell's 
Chronic re- 
current 
Bell's for 1 
year 
Acute left 
Bell's 
Acute left 5 days after 
Bell's; most recent 
right Bell’ s episode 
resolved 
15 months 
earlier 
Acute right 
Bell's 
Chronic per- 
sistent left 
Beils with 
50% hear- 
ing loss 
and ver- 
tigo 
Chronic left 
facial dys- 
kinesis 
and mild 
palsy 
Right facial 
paisy after 
radiation 
therapy for 
acoustic 
neuroma 
Acute left 
Ramsey- 
Hunt syn- 
drome 
Right facial 
neuroma 
for 6 
months 


3 days after 
most recent 
episode 


8 days 


40 days 


2 years 


30 years 


7 days 


10 11 M 5 days 


11 44 F 6 months 
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Note.---IAC = internal auditory canal. 
* Enhanced, but to a lesser degree than prior MR scan. 


Enhanced Segment of Facial Nerve 
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vesicles) due to herpes zoster virus (case 10); one patient with 
radiation-induced facial paralysis following heavy ion radiation therapy 
for an acoustic neuroma (case 9); and one patient with a neuroma of 
the descending portion of the facial nerve (case 11). Table 1 describes 
the timing of the MR scans in relation to the onset of facial palsy. In 
seven patients, the MR studies were performed within 2 weeks of 
the onset of an acute facial paralysis. In one case, two MR studies 
were performed after resolution of facial palsy (case 1). In addition, 
one of the patients with acute Bell's had fully recovered from a 
contralateral Bell's palsy 15 months prior to her examination (case 
5). 

All patients were studied on a 1.5-T superconducting magnet 
(Signa, GE). The MR studies were performed using axial, coronal, 
and, in one case, oblique sagittal T1-weighted images, 600/20 (TR/ 
TE), of the temporal bone region. Ten patients were studied with a 
routine head coil while one individual was imaged with a 3-in. coil. 
T2-weighted (long TR/TE) studies were also obtained in the majority 
of patients. All patients had axial and coronal views before and after 
administration of gadopentetate dimeglumine (0.1 mmol/kg). The 
study parameters included 3-mm slice thickness, 0-1-mm interslice 
gap, 256 x 256 or 192 matrix, 20-cm field of view, two to four 
excitations, and an imaging time ranging from approximately 7 to 10 
min. Postcontrast T1-weighted images were acquired immediately 
after administration of the contrast medium. No delayed scans in the 
same plane were obtained; however, the second postcontrast se- 
quence (usually the coronal view) was generally completed 20-30 
min after contrast administration. 

Enhancement was evaluated on the basis of visual inspection of 
the pre- and postcontrast images photographed at the identical 
window and level settings. The intensity of the affected facial nerve 
was compared on both pre- and postcontrast images, as well as in 
relation to the contralateral facial nerve in each case. This provided 
an internal standard for comparing the presence and intensity of the 
enhancement. While bilateral Bell's palsy is possible, none of our 
patients manifested simultaneous bilateral symptoms; thus, we felt 
that the comparison to the opposite facial nerve was a reliable internal 
Standard. Abnormal enhancement of the facial nerve was assumed if 
marked asymmetric enhancement of the facial nerve was present as 
compared with the opposite nerve. In all cases, the facial nerve was 
easily located on both unenhanced and enhanced sequences by 
virtue of its typical location in relation to the membranous labyrinth. 


Results 
Normal Facial Nerves 


In two patients, MR imaging demonstrated mild but definite 
enhancement of the unaffected facial nerve. One patient (case 
1) had intense enhancement of the symptomatic and asymp- 
tomatic facial nerves. This patient had follow-up MR exami- 
nations that demonstrated enhancement of the affected nerve 
with mild but decreased enhancement of the unaffected side. 
Enhancement appeared most frequently in the horizontal 
portion of the facial nerve and the greater superficial petrosal 
nerve (Fig. 1). The descending portion of the nerve appeared 
to enhance much less frequently. As a large control group 
of normal patients was not studied, we cannot assess 
the frequency of enhancement of the facial nerve in the 
population. 


Abnormal Facial Nerves 
All 11 patients demonstrated some degree of enhancement 
of the symptomatic facial nerve compared with precontrast 
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Fig. 1.—Case 1: 36-year-old man with left Bell’s palsy. MR scan was 
obtained 73 days after clinical recovery. Axial contrast-enhanced T1- 
weighted image (600/20) shows intense enhancement of affected facial 
nerve (closed arrows). Mild proximal enhancement of facial nerve within 
distal internal auditory canal is also visualized on left side. The intensity 
of this enhancement had decreased from the initial study obtained during 
the acute phase (not shown). In addition, mild enhancement is present on 
asymmetric side in region of right horizontal facial nerve and greater 
superficial petrosal nerve (open arrows). 


Studies of the ipsilateral nerve and postcontrast studies of 
the opposite unaffected facial nerve. Table 1 shows the 
various segments of the facial nerve that enhanced after 
administration of gadopentetate dimeglumine. The intraparo- 
tid portion of the nerve was not evaluated. 

The eight patients with Bell’s palsy (five acute, three 
chronic), the patient with Ramsey-Hunt syndrome, and the 
patient with radiation-induced palsy all demonstrated diffuse 
homogeneous enhancement of the facial nerve, including the 
fallopian canal segment, the geniculate ganglion, and the 
horizontal and descending segments (Figs. 1 and 2). In two 
patients with Bell’s palsy (and the patient with Ramsey-Hunt 
syndrome), mild enhancement of the distal canalicular portion 
of the facial nerve was also observed in addition to the 
enhancement of the intratemporal facial nerve (Figs. 1 and 3). 
In the remaining patients, enhancement of the facial nerve did 
not occur proximal to the fallopian canal. The neuroma of the 
facial nerve intensely enhanced but was restricted to a focal 
region within the descending facial canal (Fig. 4). A CT scan 
confirmed focal bone erosion at the site of the neuroma. 

In one individual (case 1) studied with contrast-enhanced 
MR 5 weeks and 10 weeks after complete recovery of facial 
function, there was persistent but decreased enhancement 
(Fig. 1). No enhancement of the facial nerve was present in 
one patient (case 5) studied 15 months after resolution of 
Bell’s palsy. 

The axial, coronal, and sagittal planes were complementary, 
with no one plane obviously superior to the others. The 
horizontal, labyrinthine, and canalicular portions of the facial 
nerve were best visualized in the coronal plane (Figs. 2C, 3E, 
2F). Precontrast MR studies were useful in several instances 
in distinguishing high-intensity fatty marrow, surrounding the 
facial nerve, from enhancement on postcontrast images. The 
descending portion of the facial nerve was best identified in 
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Fig. 2.—Case 2: 12-year-old boy with acute left Bell’s palsy. 

A, Axial contrast-enhanced T1-weighted image (600/20) shows intense enhancement of horizontal portion of facial nerve (arrows). No enhancement of 
opposite, unaffected nerve was visualized (compare with B). 

B, Axial contrast-enhanced T1-weighted image, 3 mm below A. Enhancement of affected descending portion of left facial nerve is demonstrated (closed 
arrow). Normal horizontal portion of right facial nerve does not enhance (open arrows). 

C, Coronal contrast-enhanced T1-weighted image through temporal bone shows intense enhancement of descending portion of left facial nerve 
(arrows). 


serial cross section in the axial plane (Figs. 2B and 4). How- 
ever, the oblique sagittal views oriented to the plane of the 
descending facial nerve were optimal in demonstrating the 
majority of the horizontal and vertical portions of the nerve in 
one section (Figs. 3A—3D). 


Discussion 


An abundance of evidence exists to support the hypothesis 
that Bell’s palsy results from viral infection of the facial nerve 
[1, 5-8]. Immunological, histological, and virological tests 
suggest that herpes simplex | and varicella-zoster are the 
most common causative agents. Neurotropic viruses tend to 
infect the cell bodies of sensory neurons, where they may 
reside in dormancy for many years. In Bell’s palsy, reactivation 
of a dormant virus in the geniculate ganglion, the location of 
the cell bodies for taste, is a pathogenic mechanism that is 
consistent with numerous observations regarding this disease 
[9]. As Bell’s palsy is a self-limited disease, there is a paucity 
of pathologic material available. Liston and Kleid [10] recently 
reviewed 17 cases in the world literature through 1989. 
Although considerable variability in histopathologic findings is 
evident, most cases demonstrated a cellular inflammatory 
infiltrate of the nerve, some degree of neural degeneration, 
and hypervascularity. Diffuse involvement of the facial nerve 
including the fallopian canal segment is the most typical 
finding. On the basis of a substantial body of histological and 
electrophysiological data it is apparent that the most proximal 
extent of involvement is the distal end of the internal auditory 
canal, just medial to the geniculate ganglion [6]. Neural dys- 
function appears to be a consequence of an entrapment 
neuropathy resulting from neural edema within the tight con- 
fines of the osseous fallopian canal. Compression may disrupt 


nerve function either by vascular congestion with ischemia or 
by impairment of axoplasmic flow. The fallopian canal is most 
narrow in its labyrinthine segment and constriction appears 
to be most severe at this site [6]. Our observation of diffuse 
enhancement of the facial nerve with gadopentetate dimeglu- 
mine from the distal internal auditory canal to the stylomastoid 
foramen, is entirely compatible with the above outlined etio- 
pathologic hypothesis. 

To relieve neural entrapment, Fisch [11] advocated surgical 
decompression of the facial nerve in the fallopian canal. 
Although there was formerly much enthusiasm for this ther- 
apeutic technique in patients with severe neural degeneration, 
little evidence exists that it alters the natural course of the 
disease [12, 13]. Although simple decompression of the mas- 
toid segment of the nerve has been advocated by some, this 
is illogical, as it does not relieve the critical labyrinthine seg- 
ment of the nerve [14]. Medical therapy of Bell’s palsy is 
directed toward combating viral infection (acyclovir) and re- 
ducing neural edema (corticosteroids) [15]. Fortunately, the 
natural course of untreated Bell’s palsy is quite favorable. In 
one study of 1000 patients with Bell’s palsy followed over a 
15-year period, 50% of the cases entered remission within 3 
weeks, and 71% had complete remission [12]. Complete and 
permanent facial palsy is extremely rare, as some remission 
of symptoms almost always occurs [16]. 

The mechanism of enhancement of the facial nerve in Bell's 
palsy after administration of gadopentetate dimeglumine is 
uncertain but may relate to either hypervascularity of the 
perineural structures of the nerve or actual disruption of the 
blood-nerve barrier. The perineural and epineural tissues lack 
this barrier and normally enhance to a variable degree [3]. 
Hyperemia of the nerve and perineural structures may result 
in enhancement on the basis of an increased vascular pool of 
contrast material. The endoneural blood vessels of the cranial 
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Fig. 3.—Case 10: 11-year-old boy with acute left facial palsy resulting from Ramsey-Hunt syndrome. MR images were obtained 5 days after onset of 


symptoms. 


A and B, Normal (asymptomatic) facial nerve. Oblique parasagittal T1-weighted images (600/20), before (A) and after (B) contrast administration, 
through horizontal and descending portion of normal right facial nerve (arrows in A). On precontrast image, the facial nerve can be seen throughout its 
horizontal and descending course. The normal nerve enhances after administration of contrast material (arrows in B). 

C and D, Symptomatic facial nerve. Parasagittal T1-weighted images, before (C) and after (D) administration of contrast material, through symptomatic 
left facial nerve. Precontrast view shows an appearance similar to the affected facial nerve compared with the opposite, normal side (A). After contrast 
administration, there is intense enhancement of horizontal and descending portions of facial nerve (D). This enhancement is more marked than the normal 
baseline enhancement on the unaffected side (B). (Images were photographed at same window and level settings.) 

E and F, Contiguous coronal contrast-enhanced T1-weighted images through cochlea (E) and vestibule (F) on symptomatic side. Intense enhancement 
in anterior genu region of facial nerve (open arrow in E) is noted superior and lateral to cochlea. The fallopian canal portion of the facial nerve enhances 
to a mild degree (double solid arrows in E). Horizontal portion of facial nerve intensely enhances (solid arrow in F). It is located inferior to lateral 
semicircular canal (open arrow in F). The vestibule is located medial to these two structures. 


(Figure 3 was provided by Dr. Leon Kaseff, San Mateo, CA.) 


and peripheral nerves have tight endothelial junctions that 
create a blood-nerve barrier that prohibits dyes such as 
Trypan blue or Evans blue from entering the extravascular 
space [17, 18]. Enhancement may occur if these junctions 
are disrupted by acute inflammation. A combination of these 
two mechanisms is also plausible. It is interesting to note that 
despite intense enhancement of the facial nerve within the 
temporal bone, enhancement did not usually occur along the 
cisternal portion within the internal auditory canal (Fig. 2A). 
Sparing of this segment may reflect its lack of perineurium or 
restriction of the viral process to the facial nerve distal to the 
geniculate ganglion. Enhancement of the distal preganglionic 


segment of the facial nerve may be confused with a small 
acoustic neuroma if the distal facial nerve enhancement is not 
recognized. 

Neural enhancement with gadopentetate dimeglumine has 
also been noted in our institution in other forms of viral neuritis. 
A patient with viral trigeminal herpes neuritis, recently en- 
countered at our institution, demonstrated marked enhance- 
ment of the preganglionic segment of the fifth nerve, which 
resolved with clinical resolution [19]. MR studies in another 
patient with acute vertigo resulting from vestibular neuritis 
showed enhancement of the canalicular portion of the eighth 
cranial nerve. 
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The normal intratemporal facial nerve may enhance to a 
mild degree. This is apparent from examination of the contra- 
lateral, asymptomatic facial nerves in our patient population. 
However, intense enhancement is not normal. Enhancement 
of the intracanalicular portion of the facial nerve should also 
be considered abnormal. The latter occurred in two of our 
patients with Bells palsy but in none of the normal nerves. 
Comparison with the unaffected opposite side is always useful 
in this respect, and would therefore support the examination 
of both temporal bones in these patients. We also advise 
obtaining both the precontrast and postcontrast images of 
the same plane, and photographing at identical window and 
level settings in order to ensure proper comparison of en- 
hancement. Fat-suppression techniques, currently under clin- 
ical evaluation, may prove useful for excluding high-signal- 
intensity fat as a potential pitfall on enhanced images. One 
must be careful not to mistake the enhancing mucosa of the 
medial tympanic cavity for the horizontal facial nerve. This 
can be avoided by employing a coronal sequence that will 
nicely differentiate the two regions. 

The causes of acute facial palsy are innumerable [2]. Le- 
sions anywhere along the course of the facial nerve, from its 
nucleus in the pons to its distal arborization within the parotid 
gland, may give rise to a unilateral palsy. Neoplasms of the 
brainstem, cerebellopontine angle, internal auditory canal, 
middle ear, mastoid, or parotid gland may give rise to facial 
nerve dysfunction [20, 21]. Primary facial nerve tumors may 
also occur, although they are quite rare [22-25]. In addition, 
facial paralysis may occur in the setting of acute or chronic 
otitis media, temporal bone trauma, inflammatory disease 
such as sarcoidosis, with infections such as Lyme disease, 
and after radiation therapy. Enhancement of the facial nerve 
with gadopentetate dimeglumine may be anticipated in some 
of these pathologic processes. Indeed, Daniels et al. [3] have 
demonstrated enhancement of the facial nerve associated 
with internal auditory canal lesions, particularly in those pa- 
tients with neurofibromatosis. It is unclear from their report 
whether the nerve enhanced because of plexiform neurofibro- 
matosis or whether internal auditory canal lesions caused 
engorgement of the vasculature along the nerve. In a recent 
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Fig. 4.—Case 11: 44-year-old woman with 4- 
mm neuroma of descending portion of facial 
nerve (surgically proved). 

A and B, Contiguous axial contrast-enhanced 
T1-weighted images of descending (A) and hor- 
izontal (B) portions of facial nerve. The neuroma 
can be identified as an expansile enhancing 
mass (solid arrow in A). Enhancement did not 
occur in horizontal portion of ipsilateral facial 
nerve (open arrow in B). A CT scan (not shown) 
documented focal erosion of facial canal by this 
neuroma. 






RA 


report [5], these same researchers demonstrated similar en- 
hancement features among a group of Bells palsy patients 
and in patients with postoperative facial nerve palsy. In one 
of our cases diffuse enhancement of the facial nerve was 
seen after helium ion (high Bragg peak) radiation therapy for 
an acoustic neuroma. The MR appearance was similar to that 
seen with Bell's palsy. However, the homogeneous and 
smooth enhancement of the facial nerve throughout the fal- 
lopian canal in Bell's palsy is unlikely to occur with more 
localized diseases. Neuromas and hemangiomas of the facial 
nerve occur more commonly near or in the geniculate ganglion 
and typically result in enlargement of the nerve and adjacent 
bone erosion [22-25]. This was clearly the case in our ex- 
ample of a focal enhancing neuroma (Fig. 4). Parotid malig- 
nancies extending up the facial canal will have a preference 
for the descending portion of the facial nerve. 

Repeat MR studies were obtained in two of our patients 
upon recovery from Bell's palsy (Table 1). One individual's 
facial nerve function had returned to normal 1 week after 
acute palsy (case 1). Contrast-enhanced MR demonstrated 
decreased but persistent mild enhancement of the facial nerve 
on both follow-up examinations compared with the initial 
study (Fig. 1). One of our patients imaged during an episode 
of acute Bell’s palsy had recovered from a contralateral Bell’ s 
palsy 15 months prior to the examination. This facial nerve 
was normal without evidence of enhancement while the 
acutely affected nerve enhanced. It would seem likely that 
enhancement of the facial nerve would resolve in those pa- 
tients who recover completely from Bell’s palsy; however, 
follow-up on our case suggests that radiographic resolution 
may lag behind clinical resolution. 

It should be emphasized that thin-section, high-resolution 
CT scanning is still the preferred method to assess the bony 
contour of the facial canal, particularly in detection and char- 
acterization of facial nerve neuromas and hemangiomas [26, 
27]. However, the internal signal intensity of the facial nerve 
is not appreciated on CT. MR, with its increased contrast 
sensitivity to soft-tissue disease, is uniquely suited to evaluate 
the nerve itself, as was demonstrated in our patients with 
Bell’s palsy. While the bony contour is not easily appreciated, 
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the membranous labyrinth, cochlea, and soft-tissue compo- 
nent of the facial nerve can be visualized on routine studies 
[28]. With the addition of gadopentetate dimeglumine, further 
contrast can be gained on T1-weighted sequences. Axial, 
coronal, and oblique sagittal views oriented to the course 
of the descending and horizontal facial nerve canal are 
complementary. 

We agree with Daniels et al. [5] that MR imaging is not a 
screening examination for patients with Bell’s palsy. We rec- 
ommend a pre- and postcontrast thin-section MR study for 
individuals with peripheral facial palsy that has not resolved 
within 2 months or that is associated with features atypical 
of Bell's palsy. Diffuse enhancement of the entire facial nerve 
suggests “atypical Bell’s palsy.” If enhancement is more focal 
in appearance, alternative diagnoses, such as _perineural 
spread of malignancy or primary facial nerve tumors, would 
be suggested. A high-resolution CT scan of the temporal 
bone is recommended if the MR study is normal in the 
presence of facial palsy. 


Conclusions 


A series of patients with facial palsy verifies earlier reports 
that the facial nerve in Bell’s palsy diffusely enhances with 
gadopentetate dimeglumine from the fallopian canal to the 
stylomastoid foramen. This anatomic pattern of facial nerve 
enhancement is consistent with the hypothesis that Bell's 
palsy results from viral geniculate ganglionitis with neural 
entrapment due to swelling within the tight confines of the 
fallopian canal. The diagnosis of Bell's palsy no longer need 
be one of exclusion. The capability of establishing a positive 
diagnosis permits the clinician to allay the patient’s fears 
concerning tumors or CNS disease and to confidently institute 
appropriate therapy for viral neuritis. Contrast-enhanced MR 
imaging is recommended in the evaluation of patients with 
atypical or complicated facial palsy and may also prove useful 
for other cranial neuropathies. 
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Book Review 





MRI Atlas of the Brain. By William G. Bradley and Graeme Bydder. New York: Raven, 353 pp., 1990. $125 


MRI Atlas of the Brain by Bradley and Bydder was written primarily 
as an aid for the physician who despite little experience and infrequent 
exposure to the technique is required to offer judgement on MR 
imaging studies. The authors’ intent was to provide an easily under- 
standable description of how MR imaging works and then to illustrate, 
by using clinical examples, the end result of the application of these 
principles. The book is divided into 10 chapters: three on the physical 
aspects of MR imaging, six on disease states, and one on the use of 
gadopentetate dimeglumine in conjunction with MR imaging. 

The chapters on fundamentals, new techniques, and flow phenom- 
ena contain a wealth of information on the most commonly used MR 
techniques. The properties of each technique and the particular 
effects associated with each technique are extensively demonstrated 
by well-annotated illustrations. The authors’ insights into the subtle- 
ties of MR are obviously attributable to their considerable experience 
in its application to clinical problems. 

The chapter on flow phenomenon is presented entirely within the 
context of slice imaging, although gradient- as well as spin-echo 
sequences are discussed. This discussion illustrates well the major 
effects of flow in MR imaging. Recent developments in MR projection 
angiography are not illustrated. Dephasing and rephasing effects are 
discussed; however, some of the finer points associated with current 
angiographic techniques (e.g., tradeoffs between echo time and 
gradient moment nulling) are not presented. Specific approaches 
designed to image intracranial vasculature (e.g., two- and three- 
dimensional time of flight and phase-contrast methods) and their 
relative advantages are not discussed. Given the authors’ intent to 
address primarily an audience wishing to acquire a basic understand- 
ing of MR, these limitations are of little consequence. 

Although the various concepts in these three chapters are ex- 
plained with clarity and accuracy, this section on the physical aspects 
of MR will nonetheless still best serve those who already have some 
familiarity with MR imaging and who are trying to gain further under- 


standing of the intricacies of the application of MR methods. The 
amount of information presented is likely to overwhelm the novice. 

The section of the book on clinical problems contains much valu- 
able information, which will serve well both the experienced and the 
neophyte. The chapters on ischemia-infarction and hemorrhage and 
vascular abnormalities are of particular value. A notable limitation of 
the clinical part of this book is the overall poor quality of the images 
used for the illustrations. This deficiency and the frequent lack of 
explicit legends combine to limit the usefulness of the book as an 
atlas. These weaknesses will especially hinder use of the book by 
those who lack experience with the technique. 

A surprising number of small but potentially confusing errors are 
scattered throughout the text. Figure 5.12, used to illustrate the 
effect of slow flow in the internal carotid artery, displays the same 
image for both the first and second echo. The legend of Figure 5.14 
describes one image with parameters listed as SE 2000/30 as being 
mildly T2-weighted, whereas an adjacent one with identical parame- 
ters is referred to as being moderately T2-weighted. The use of the 
term progressive multifocal leukoencephalitis in the legend of Figure 
6.12 is another example of this nature. Along with these shortcom- 
ings, the location of illustrations away from the text and the placement 
of only one or two small illustrations on a single page should be 
corrected in subsequent editions. 

The information on technical aspects of MR and the clinical expe- 
riences of the authors make this book a useful addition for the libraries 
of hospitals, medical schools, and MR facilities. Its shortcomings and 
the rapid advancement in MR techniques and applications make it 
less attractive for the libraries of individual readers. 


Charles M. Strother 

Charles Mistretta 

University of Wisconsin, Clinical Science Center 
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MR Imaging in Patients with 
Temporal Lobe Seizures: Correlation 
of Results with Pathologic Findings 





Thirty-nine consecutive patients with medically intractable complex partial seizures 
were studied with electroencephalography and MR imaging to localize an epileptogenic 
focus for temporal lobectomy. The patients were divided into three groups on the basis 
of pathologic findings after lobectomy: Group 1 comprised 13 patients with neoplasms, 
hamartomas, or cysts; group 2 comprised 13 patients with moderate and severe mesial 
temporal sclerosis (one patient was included in both groups 1 and 2); and group 3 
comprised 14 patients who underwent aspiration lobectomy, which yielded limited tissue 
for pathologic study so no pathologic diagnosis was made. The majority of the patients 
in group 3 were assumed to have mesial temporal sclerosis. Abnormal MR signal in the 
temporal lobe on T2-weighted images was graded as minimal increase (1+), interme- 
diate or moderate increase (2+), and very significant increase (3+). An abnormal signal 
was demonstrated in 26 (67%) of the 39 patients. In group 1, the tumor/cyst subgroup, 
an abnormal signal was seen in all 13 patients. Most had 3+ signal. There was increased 
signal in eight (62%) of 13 patients in group 2 and in six (43%) of 14 patients in group 3. 

This study suggests that MR can detect almost all tumors and a significant number 
of mesial temporal sclerosis lesions in individuals with complex partial seizures. On the 
basis of this small series, individuals who exhibit Significant signal (3+) can be expected 
to have neoplasms, hamartomas, or cysts, and patients who exhibit minimal signal (1+) 
will usually have mesial temporal sclerosis. 


AJNR 11:827-832, July/August 1990; AJR 155:581-586, September 1990 


Seizures that arise from a focus in the mesial temporal lobe are frequently 
refractory to drug therapy. When there is accurate preoperative localization of the 
epileptogenic focus, temporal lobectomy can result in complete cure or a significant 
improvement in seizure activity [1]. Electroencephalography (EEG) has provided 
the major data concerning localization of such seizures. Imaging techniques includ- 
ing skull series, pneumoencephalography, and angiography have not been useful 
for evaluation. CT scans, which can be correlated with functional electrographic 
abnormalities, have not been helpful. Recently, positron emission tomography has 
given new information about metabolic changes at the focus [2]; however, such 
equipment is restricted in number and accessibility. More recently, MR imaging has 
been shown to be useful in establishing the location of epileptogenic foci [3-6]. 

We studied 39 consecutive patients with intractable temporal lobe seizures 
undergoing temporal lobectomy. The patients were studied between January 1984 
and December 1987. The imaging studies in these patients were correlated with 
the surgical and pathologic findings and the clinical response after lobectomy. 


Materials and Methods 
Patient Population 


Thirty-nine consecutive patients with complex partial seizures who had temporal lobectomy 
at the Duke University Medical Center were included in this Study. Presurgical investigations 
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in all patients included CT, MR, scalp EEG, video/EEG cable telem- 
etry, neuropsychological testing, and intracarotid Amytal examination. 
In 10 patients, localization of the epileptiform focus by noninvasive 
measures was not possible. invasive monitoring techniques using 
implanted depth electrodes were required for adequate localization 
in these patients. 


imaging Studies 


CT scans were obtained on GE 8800 and 9800 units without and 
with contrast material. A 10-mm slice thickness was used in the axial 
plane. Selected patients had coronal studies. 

MR studies were performed on a 1.5-T GE Signa unit. T1-, inter- 
mediate-, and T2-weighted images using a spin-echo (SE) sequence, 
2500/40.80 (TR/TE), were obtained. Axial slices parallel to the tem- 
poral horn with 5-mm slice thicknesses and coronal images also were 
obtained in all patients. The phase-encoding gradient was changed 
to the cephalocaudad direction for all seizure patients to avoid 
artifacts over the temporal lobe related to carotid arterial pulsation. 
The scans of the 39 patients were mixed randomly with eight control 
scans and reviewed by two experienced neuroradiologists without 
knowledge of the diagnosis. The control patients were chosen for 
the study from among seizure patients in whom the seizure focus 
was located specifically outside the temporal lobe; this meant that 
the technique for these MR scans was identical to that for the 
temporal lobe patients, including a change in the phase-encoding 
direction. 

Abnormalities on MR images were recorded as (1) increased signal 
intensity on intermediate- and T1-weighted images in the absence of 
structural deformity: (2) mass deformity, including extension of corti- 
cal signal into adjacent white matter; (3) calcification, and (4) atrophy. 
Atrophy was said to be present when there was dilatation of the 
temporal horn and/or dilated CSF spaces with loss of temporal lobe 
volume. 

Abnormal MR signal was classified into very significant increased 
signal intensity (8+), moderately high signal (2+), and minimal but 
definitely increased signal (1+) in the temporal lobe. When the signal 
was recorded as 3+, the increased signal was approximately as 
intense as that of CSF in the lateral ventricle on some but not 
necessarily all late T2-weighted scans. When increased signal was 
accompanied by mass effect or distortion of normal anatomy sug- 
gesting structural mass lesions, this was so recorded. 


Surgical Procedures 


After electrocorticography and electrical recordings from the amyg- 
dala and hippocampus, the temporal lobe was resected in one of two 
ways. After the anterior 5 cm of the lateral temporal lobe was 
resected, one surgeon removed the uncus, amygdala, and hippocam- 
pus by subpial resection. In the other cases, the other surgeon 
removed these areas en bioc. 


Pathology Studies 


Tissue stains used included hematoxylin and eosin, with or without 
Luxol fast blue for counterstain. The patients were divided into three 
groups on the basis of pathologic findings at lobectomy (Table 1). 
The first group (group 1) comprised patients with neoplasms, hamar- 
tomatous malformations, or cysts. All patients in the second group 
(group 2) had severe or moderate mesial temporal sclerosis (MTS). 
The third group (group 3) comprised patients who had normal neo- 
cortex but in whom, with one exception, no histologic tissue was 
available from the hippocampus. These patients were considered 
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likely to have MTS. Groups 1 and 2 were chosen to correspond to 
groups A and B in the study of Kuzniecky et al. [7]. 


Results 
Group 1: Neoplasms or Other Abnormal Tissue 


In 13 patients (33%), neoplastic or other structural lesions 
were found in the temporal lobectomy specimen. Six patients 
had astrocytomas, two had oligodendrogliomas, one had an 
undifferentiated tumor, one had an epidermoid, one had a 
cyst, and one had multiple hamartomas and associated MTS 
(Figs. 1 and 2; Table 1). MR revealed significant increases in 
signal intensity (38+) in all but five patients. A moderate in- 
crease in signal intensity (2+) was seen in four of these and 
a minimal increase in signal (1+) in one. However, in the latter 
patient, an exophytic tumor projected off the temporal lobe 
tip, which appeared to be an obvious intrinsic brain tumor 
even though the MR signal was not very dramatic. Some 
deformity was seen in 12 of 13 patients in this group. In two, 
significant calcification was seen on CT. 


Group 2: Moderate to Severe Gliosis and Neuronal Loss 


Moderate to severe neuronal loss and gliosis of the neo- 
cortex and/or mesial temporal structures were seen in 13 
patients (Fig. 3; Table 1). The mesial temporal structures were 
involved in each of these patients. These patients had clas- 
sical MTS. In eight (62%) abnormal MR signal was seen in 
the temporal lobe. Moderately increased signal (2+) was seen 
in one patient; in the other patients with MTS and increased 
MR signal in the temporal lobe the signal was graded as 1+. 
in none was mass deformity or calcification established. Atro- 
phy of the temporal lobe was seen in one patient. 


Group 3: Incomplete Pathologic Data 


in 13 of these 14 patients the temporal lobe neocortex was 
examined histologically, but in only one patient was the hip- 
pocampus examined histologically. In this one patient it was 
normal; however, the MR scan showed a 2+ signal (Fig. 4). 
On the basis of our findings and those of others, it is likely 
that the majority of these patients had MTS. MR studies 
showed increased signal in six of the 14 patients. in five of 
the six a 1+ increase in signal was seen; in one, a 2+ signal 
was seen. The 2+ signal occurred in the single patient in 
whom the neocortex and hippocampus were normal histolog- 
ically. In one patient, significant atrophy was seen in the 
temporal lobe. 


Control Subjects and Follow-up 


Eight control subjects were scattered through the series; 
all were regarded as normal by the reviewers. 

Postoperatively, patients were followed for a mean of 28 
months (range, 12-45 months). The outcome was determined 
by incidence of seizures during the most recent year of follow- 
up. Patients were categorized as seizure-free if they had no 
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MR-LOBECTOMY CORRELATION IN TEMPORAL LOBE SEIZURES 


TABLE 1: MR and Pathologic Findings in Patients with Temporal Lobe Epilepsy 


SaN 


Group/Case No. a Deformity Pathologic Findings 
1: Neoplasms or other abnormal 
tissue 
1 ie 3 2 Anaplastic astrocytoma 
2 3 2 Oligodendroglioma 
3 3 2 Astrocytoma 
4 3 2 Undifferentiated neoplasm 
5 3 2 Astrocytoma 
6 3 3 Epidermoid 
7 3 2 Astrocytoma 
gae 3/1 1 Hamartoma/MTS 
9 2 2 Ganglioglioma 
10 2 0 Cyst 
11 2 1 Astrocytoma 
12 a 1 Astrocytoma 
13° 2 1° Oligodendroglioma/MTS 
2: Moderate to severe gliosis and 
neuronal loss 
8° 3/1 -~ Hamartoma/severe MTS 
14 2 | Severe MTS 
15 1 ~ Severe MTS 
16 1 ~ Moderate MTS 
147° 1 ~ Severe MTS 
18 1 - Moderate MTS 
19 1 - Severe MTS 
20 1 - Moderate MTS 
21 0 ~ Severe MTS 
22 0 ~ Severe MTS 
23 0 ~ Severe MTS 
24 0 ~ Moderate MTS 
25 0 - Severe MTS 
3: Incomplete pathologic data 
26" 2 ~ Normal 
27 1 ~ Normal 
28 1 - Normal 
29° 1 -~ Normal 
30 1 — Normal 
31 1 - Normal 
32 0 - Normal 
33 0 - Normal 
34 0 - Normal 
35 0 — Normal 
36 0 - Normal 
37 0 - Normal 
38 0 ~ Normal 
39 0 - Normal 


Note.—For MR signal, 0 = normal signal; 1 = minimat but definite increase; 2 = intermediate; 3 = signal similar to 
that of CSF. For deformity, 0 = no deformity; 1 = minimal deformity; 2 = moderate deformity; 3 = severe deformity. 


MTS = mesial temporal sclerosis. 
* Calcification was seen on CT. 


P This patient is listed in both groups 1 and 2. 


°A 6-mm exophytic tumor was found on the surface of the temporal lobe tip. One observer considered it a smali 
mass (grade 1); another considered it normal (grade 0). 

* Neoplasm was not found on block resection; however, microscopic examination of the entorhinal cortex detected 
a very small oligodendroglioma. 

“ Graded 2 by one observer and 1 by another. 

' Regarded as minimal mass effect by one observer. Mass deformity was not seen in any other patients in groups 
2 or 3. 

° “Atrophy” was assigned to case 17 by one observer. Minimal to moderate atrophy was found in case 29. Atrophy 
was not seen in any cther patients. 

° Histologic examination showed normal neocortex and hippocampus. The other 13 patients in group 3 were studied 
by aspiration technique, which showed normal cortex. The hippocampus was not available for study in these patients: 
it is likely that most of these patients had MTS. 
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A | B 


Fig. 1.—Case 9: 28-year-old man with 27-year history of complex partial seizures. Temporal lobe 


resection revealed ganglioglioma. 


A, Axial MR image (2500/40) through temporal lobe. Hyperintense focus (arrow) in subcortical 
white matter compartment has very minimal extension anteriorly to cortex. Signal was graded as 2+. 

B, Pathology of left lobectomy specimen was considered to be ganglioglioma. Neoplastic neurons 
(arrows) are interspersed among neoplastic astrocytes in a fibrillary background. Perivascular 
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Fig. 2.—Case 7: 26-year-old man with 1-year 
history of simple and complex partial seizures. 
Right temporal lobectomy revealed astrocytoma. 
Coronal MR image (2500/40) shows severe in- 
crease in signal intensity (3+), confined largely to 
the hippocampus. 


lymphocytic cuffing (arrowhead) is seen. No more seizures were seen during 24 months following 


lobectomy. Scale bar = 100 um. (H and E} 





seizures (excluding auras). Patients were considered signifi- 
cantly improved if they had less than 10 seizures per year 
and at least a 90% reduction in seizures as compared with 
the preoperative year. All other patients were considered to 
be not significantly improved. 

Overall, 29 (74%) were seizure-free, five (13%) were signif- 
icantly improved, and five (13%) were not significantly im- 
proved. Within pathologic subgroups, 77% of group 1 patients 
(neoplasms), 90% of group 2 patients (MTS), and 100% of 
group 3 patients were seizure-free or significantly improved. 





Fig. 3.—Case 15: 25-year-old man with 9-year 
history of compiex partial seizures. Temporal lobe 
resection revealed severe mesial temporal scle- 
rosis. T2-weighted axial image (2500/80) shows 
subtle but definite increase in signal intensity in 
medial third of temporal lobe (arrowheads). in- 
creased signal was rated as 1+. 


Fig. 4.—Case 26: 29-year-old man with 10-year 
history of complex partial seizures. Temporal! lobe 
sections were interpreted as normal at pathology. 
incomplete surgical samples may have been sent 
as patient is thought to have mesial temporal scie- 
rosis. Coronal MR image (2500/40) shows in- 
creased signal in hippocampus. This was rated as 
a 2+ increase in signal. 


Discussion 


Historically, neuroimaging for the detection of epileptogenic 
foci in the temporal lobe has had poor results. CT, while 
demonstrating the capacity to detect structural lesions such 
as brain tumors and focal atrophy, has a low yield in detecting 
the offending temporal lobe in MTS patients. MR has con- 
sistently demonstrated a higher sensitivity than CT to poten- 
tial seizure foci in the temporal lobe [2-9]. MR not only 
provides an altered signal more often, but provides artifact- 
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free axial and coronal scans of the temporal lobe, depicting 
the underlying anatomy more clearly. 

Pathologic studies over many years have demonstrated 
that MTS is associated with seizures arising from the temporal 
lobe [10, 11]. With rare exceptions [12], MTS cannot be 
detected on CT scans. Despite the findings of some studies 
[13], MR does appear to offer localization of the epileptogenic 
focus in a substantial number of seizure patients. Kuzniecky 
et al. [7] demonstrated abnormal signal in 11 of 14 patients 
with severe sclerosis pathologically, and in six of 12 patients 
with mild to moderate sclerosis. High-intensity signals ipsilat- 
eral to the epileptogenic focus were documented also in 65% 
of patients studied by this group [7]. 

In our previous study of 59 patients in whom seizures arose 
throughout the brain, EEG was positive in 67%, MR was 
positive in 53%, and CT was positive in 42% [9]. In the 
present study, abnormal signal was demonstrated in 27 (69%) 
of 39 patients with temporal lobe seizures. Maximum in- 
creased signal (8+) was displayed in eight, moderate in- 
creased signal (2+) in six, and minimal increased signal (1+) 
in 13. In group 1, the tumor/cyst subgroup, an increased 
signal was seen in all 13 patients. Mass deformity was seen 
in 12 of 13 patients in group 1. 

If we analyze only the patients with proved and presumed 
MTS, an increased signal was displayed in 14 (52%) of 27, 
which is somewhat less than previously reported [7]. Since 
the populations are small in both series, the differences 
between them probably are not significant. However, if the 
differences are confirmed by larger series over time, one 
might have to consider that yield on a 0.5-T field strength is 
higher despite the theoretical advantage of increased signal 
to noise with increasing field strength [14]. Schorner et al. [8] 
reported one patient with proved MTS who exhibited what 
we would have described as a 3+ MR signal. Their group 
used a 0.35-T MR unit with an SE 1600/70 sequence. It can 
be inferred from these observations that it is difficult to define 
universal standards for signal intensity that would be appli- 
cable to MR units of varying field strengths. One can suggest 
that SE pulse sequences with fairly long TRs (2000-2800 
msec) and long TEs (80-100 msec) would be most likely to 
show increased signal. 

The severity of the pathologic changes appears to correlate 
roughly with the signal intensity on MR. If one notes a 
significantly increased signal intensity (3+), this indicates that 
the patient most likely has a neoplasm. In contrast, if the 
patient has a minimal increase in signal (1+), the lesion is less 
likely to be a neoplasm and more likely to be MTS. Patients 
with an intermediate signal increase (2+) could have either 
tumor or, less commonly, MTS. One of the patients in our 
series could not be categorized so neatly. That patient (case 
26) was found to have an intermediate signal (2+) on MR, yet 
on pathologic study was found to have normal neocortex and 
normal hippocampus (Fig. 4). Probably the best explanation 
for this is that there was a sampling error and the pathology 
was omitted. While such an observation is disturbing, it is 
important to note that the patient is seizure-free postopera- 
tively and the MR abnormality did correlate with the side of 
the epileptogenic focus. 
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Calcification was seen on CT in two patients, one with an 
astrocytoma and the other with hamartomas plus MTS. While 
calcifications are seen much better on CT, frequently they 
can be suspected by MR. Calcification was recognized on 
MR in one of our two patients. On the basis of our observa- 
tions and those of others, when calcification is detected, the 
first diagnosis should be tumor. 

Minimal dilatation of the temporal horn is not helpful in 
establishing the offending temporal lobe. Two patients in the 
entire series were recorded as having atrophy. One patient 
was in group 2 and one was in group 3. In only one patient 
(case 29) did the atrophy correlate with the pathologic findings 
in the temporal lobe. 

Increased signal in the temporal lobe as described in our 
series has been helpful in clinical decision making. When the 
signal alteration is very intense it offers strong support for a 
Structural lesion that is likely to be approached surgically, 
Second, when the EEG data are not clear-cut as to the side 
of the lesion, demonstration of increased signal may obviate 
depth electrodes. The detailed data for this decision will be 
presented in a separate report. 

MR appears to be an excellent imaging method for studying 
patients with partial complex seizures. While demonstration 
of abnormal MR signal is important in the assessment of the 
need for potential lobectomy, it must be correlated closely 
with the electrophysiologic localization of a focal temporal 
lobe abnormality. 

In summary, we have compared the MR and pathologic 
findings in 39 patients who had lobectomy for medically 
intractable temporal lobe seizures. Thirteen (33%) of the 
patients had neoplasms/cyst. Generally, very-high-intensity 
signals were seen in the temporal lobe in these patients. In 
14 (52%) of the remaining 27 patients, a less intensely in- 
creased signal was seen in one temporal lobe that corre- 
sponded to the side of the epileptogenic focus as shown by 
EEG. One patient was entered into both group 1 (hamartoma 
with 3+ signal) and group 2 (MTS with 1+ signal). Those 
patients with very high signal intensity all turned out to have 
neoplasms (and one glial-lined cyst); those with subtle but 
definite tissue signal abnormality (1+) all turned out to have 
either MTS, or the pathologic examination was incomplete. 
This study along with others suggests that MR is an excellent 
neuroimaging method in temporal lobe epilepsy. 
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Congenital Brain Tumors: A Review 
of 45 Cases 





Forty-five pathologically proved cases of neonatal brain tumors (diagnosed in neo- 
nates within 60 days after birth) were reviewed from the neuroradiology archives dating 
back to 1964. CT was performed in 24 cases, MR in five, sonography in six, and 
angiography in seven. Two-thirds of the lesions were supratentorial. The most common 
histology was a tumor composed of primitive or poorly differentiated tissues: 12 tera- 
tomas and 12 primitive neuroectodermal tumors, four of which were typical medullo- 
blastomas. In addition, there were nine astrocytomas (grades i-iii); four cases of 
glioblastoma multiforme (astrocytoma grade IV); three choroid plexus papillomas: and 
single cases each of ependymoma, medulloepithelioma, germinoma, angioblastic me- 
ningioma, and ganglioglioma. The dominant CT appearance, regardiess of histology, 
was a large heterogeneous lesion with associated hydrocephalus. Coarse calcification 
was a constant feature in the teratomas. Prognosis was poor overall, with the longest 
survival seen in choroid plexus papilloma and astrocytoma. 

imaging studies are most valuable in identifying and distinguishing potentially curable 
lesions such as choroid plexus papillomas (variably sized intraventricular lesions with 
homogeneous enhancement) from rapidly fatal tumors such as teratomas {large heter- 
ogeneous lesions with coarse calcifications and associated hydrocephaius). 


AJNR 11:793-799, July/August 1990; AJR 155:587-593, September 1990 


Neonatal brain tumors are those that present clinically within the first 2 months 
of life [1, 2]. They are rare and represent only 0.5-1.9% of all pediatric brain tumors 
(those in individuals under the age of 15) [2-6]. 

There have been many reported cases [1-50] and numerous review articles ae 
2, 11, 14, 47, 51, 52] on neonatal brain tumors, including over 200 pathologic 
cases, but most lack radiologic correlation. Prior to this series, the largest radiologic 
Study was a report of the imaging characteristics of 12 such cases [6]. Before the 
wide application of CT and sonography, the majority of these cases were diagnosed 
at autopsy. Today, the availability of noninvasive imaging of the fetus and neonate 
makes likely the earlier diagnosis of these tumors, perhaps at a subclinical stage 
[6, 33, 47]. The previously revealed prevalence, as well as our understanding of 
the histologic and anatomic distribution of these tumors of early life, may thus be 
in need of revision. 

For this study, 45 cases of neonatal brain tumors were reviewed for clinical and 
pathologic features. In 24 cases, correlation with one or more imaging studies, 
including CT, MR, sonography, and angiography, was possible. The results of 
these analyses are discussed and compared with previous accounts documented 
within the literature. This is the largest series of this type yet reported and explores 
the usefulness and potential of imaging in diagnosis, characterization, and deter- 
mination of the operability of these tumors. Specifically, the potentially resectable 
choroid plexus papilloma (CPP), an intraventricular mass with homogeneous en- 
hancement, can be differentiated from the majority of other tumors, which are 
usually large heterogeneous masses. The teratomas classically feature coarse 
calcifications, and also may be differentiated. 
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Materials and Methods 


From a review of our case records from January 1964 through 
January 1989, 45 cases of neonatal brain tumors were found. In 24 
of these cases, imaging studies, including CT, had been performed. 
Only neonates who presented with symptoms between birth and 60 
days of age were inciuded. 

The gross and histologic appearances of the tumors were corre- 
lated with the clinical findings in all cases. Files were reviewed for 
age at presentation, gestation and birth history, clinical symptoms 
and signs, association with other congenital anomalies, sex, type of 
surgery performed and outcome, patient survival, lesion histology 
and location, and imaging characteristics. 

Imaging studies were evaluated for the size of the tumor and its 
consistency, whether cystic, homogeneous, or heterogeneous. En- 
hancement characteristics, presence of hydrocephalus, and tumor- 
related calcification were also reviewed. Twenty-four cases were 
complemented by CT, seven by cerebral angiography, six by sonog- 
raphy, and five by MR. The imaging equipment used varied according 
to the time and place the study was performed. 


Results 


The 45 cases of neonatal brain tumors are summarized 
according to histology and location in Table 1. 


Birth History 


The mean age at diagnosis was 10 days. Twenty-five cases 
were diagnosed within the first 24 hr and 39 cases within the 
first month. Two infants were stillborn and two were born 
prematurely. There were birth complications in eight, including 
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prolonged labor, fetal distress, and failure to progress; five of 
these were delivered by cesarean section. However, the 
majority of deliveries (27 cases) were uncomplicated; cesar- 
ean delivery was elective in five of these. In 10 cases adequate 
birth history was not available. 

Presenting signs and symptoms most commonly included 
increasing head circumference, noted in 28 cases. Other 
presenting signs were visual changes (orbital mass, de- 
creased visual acuity, nystagmus, proptosis, and exophthal- 
mos) in seven cases, vomiting in five cases, seizures in three, 
hemiparesis in three, cranial-nerve palsy in one, lethargy in 
one, and skull fracture in one. Presenting signs were unknown 
in three cases. In one case of CPP there was an associated 
lumbar meningomyelocele; no other case had an associated 
congenital anomaly. 


Sex 


Overall there was a slight male predilection: 25 cases were 
male, 18 female, and two undetermined. The following distri- 
bution was noted among the major specific tumor types: 
teratoma (seven males, five females); astrocytoma (five males, 
four females); and primitive neuroectodermal tumor (four 
males, two females, two unknown). 


Surgery 


All cases were proved pathologically. Thirty-five patients 
underwent surgery for tissue biopsy and the remaining 10 
were diagnosed at autopsy. Surgery was performed for de- 


TABLE 1: Congenital Brain Tumors Found in Neonates 
eee te TESTS SAA ES TECTIA EE TE TELL SE ELI SE LE ES TILE TE A REN OE TR, 


Histology een EET 
Total 
Neuroepithelial 
Glial 
Astrocytoma 9 
Glioblastoma multiforme 4 
Choroid plexus papilloma 3 
Papillary ependymoma 1 
Total 17 
Neuronal 
Ganglioglioma 1 
Primitive neuroepithelial 
Primitive neuroectodermal 8 
Medulloblastoma 4 
Medulloepithelioma 1 
Total 13 
Meningeal 
Meningioma 
Angioblastic meningioma 1 
Germ cell 
Teratoma 12 
Germinoma a 
Total 13 


No. of Cases 
Supratentorial _infratentorial | Unknown 
8 1 0 
4 0 0 
3 0 0 
1 E 0 ae 0 
16 g 1 B 0 
gcd S cement 0. 0 
7 0 1 
0 4 0 
OS. ee eee 0 
7 5 1 
EEE EE. eee: O ooo 
6 5 1 
aa O aaua a eee: 0 
6.5 55 1 
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a Distributed equally in temporal lobe and brainstem. 
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bulking, partial resection, or complete resection in 17 cases. 
Surgery was limited to placement of a ventricular shunt in 
four cases; surgical history beyond biopsy was not available 
in four cases. Of the 21 patients who underwent major 
surgery (shunts and/or debulking), five (23.8%) died from 
postoperative complications. One patient with CPP was re- 
ported to have undergone complete resection for cure, but 
extended follow-up was not available. In the remaining 20 
cases, resection of any kind was precluded by the size and 
extent of the tumor. 


Prognosis 


Clinical follow-up from the time of diagnosis to the present, 
or until the patient's death, was available in 24 cases. Prog- 
nosis, outside of the single case of CPP noted above, was 
uniformly poor. Among the tumor types, astrocytomas had 
the most favorable outcome, with a mean survival of 26.0 
months, followed by PNET, with a mean survival of 5.2 
months; most lethal of all were the teratomas, with a mean 
survival of only 21 days. Of the 24 patients with available 
follow-up, one with a PNET is alive at 10 months of age but 
doing poorly. The mean survival for the remainder was 5.7 
months; the oldest survivor, living to 4¥2 years, had an occip- 
ital astrocytoma, grade IV. 


Pathology 


Teratoma was the most common tumor type, with 12 cases 
(26.7%). There was one other germ-cell tumor, a germinoma 
of the brainstem and temporal lobe. Neuroepithelial tumors of 
all histologic types accounted for 30 of 45 cases. Glial tumors 
included nine astrocytomas, three CPPs, four cases of glio- 
blastoma multiforme, and one papillary ependymoma. There 
were 13 PNETs, including eight supratentorial PNETs, four 
infratentorial PNETs (medulloblastomas), and one medullo- 
epithelioma. One neuronal tumor, a ganglioglioma, was seen. 
There was a single meningeal tumor, an angioblastic menin- 


Fig. 1.~~Teratoma. 

A, Unenhanced axial CT scan shows chunklike 
calcification within heterogeneous mass and as- 
sociated hydrocephalus. 

B, After administration of contrast material there 
is heterogeneous enhancement. 
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gioma. No cases of craniopharyngioma were found among 
these 45 cases. 


Location 


In all, two-thirds (31/45) of tumors were supratentorial, 
24.4% (11/45) were infratentorial, two were unknown, and a 
single tumor was in both locations. Among the 24 cases with 
imaging studies, 19 tumors were supratentorial and five were 
infratentorial. Reports in the remaining 21 cases indicated 
that 11 were supratentorial, seven were infratentorial, two 
were unspecified, and one case of germinoma straddled the 
tentorium and involved both the brainstem and temporal lobe. 


Imaging 


Hydrocephalus was seen on CT in 21 of 24 cases. In 18 
cases the tumor was large, occupying more than one-third of 
the intracranial volume. The majority of tumors, 16 of 24. 
were heterogeneous and partially cystic. Four of 24 cases 
had associated hemorrhage. 

The large size and heterogeneous nature of these tumors. 
regardless of histology, are demonstrated in Figures 1-3: one 
case each of teratoma, PNET (medulloblastoma), and astro- 
cytoma, respectively. The serial images of Figure 4, of an 
atypical solid PNET, highlight the potential for rapid growth 
seen in many of these tumors. Both CPPs presented as 
enhancing intraventricular masses with associated hydro- 
cephalus. They may also infiltrate the surrounding paren- 
chyma (Fig. 5). Their intraventricular tocation and homoge- 
neous enhancement pattern distinguishes them from the 
other tumor types. 

Tumor calcification was documented in a total of 11 cases, 
primarily in the teratomas, where it was noted on CT in six of 
seven cases and tended to be abundant and clurmplike (Fig. 
1). In the single case of teratoma without caicification, only a 
contrast-enhanced CT scan was available and calcification 
could not be definitely confirmed or exciuded. in addition, 
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Fig. 3.—Grade IV astrocytoma, glioblastoma multi- 
forme. Sagittal T1-weighted MR image shows mixed- 
signal-intensity mass around choroid plexus. High sig- 
nal represents area of hemorrhage. Note associated 
hydrocephalus. 


hydrocephalus. 


tumor calcification was noted on plain radiographs in one 
case of teratoma in which CT was not performed. A single 
focus of thin curvilinear calcification was noted in two cases 
of supratentorial PNET. In one case of ganglioglioma, calcifi- 
cation was noted microscopically, but imaging had not been 
performed. 

MR showed heterogeneous signal intensity on T1- and T2- 
weighted images accompanied by hydrocephalus in cases of 
glioblastoma multiforme (Fig. 3), PNET (Fig. 2), and teratoma. 
in contrast, homogeneous intermediate T1 signal and high T2 
signal were noted in CPP (Fig. 5). Angiography showed 
marked intraventricular tumor blush fed by branches of the 
anterior choroidal (Fig. 5) and medial posterior choroidal ar- 
teries in two cases of CPP; two astrocytomas demonstrated 
a slight tumor blush with mass effect, but cases of glioblas- 
toma multiforme (Fig. 3), PNET, and ganglioglioma presented 
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Fig. 2.—Primitive neuroectodermal tumor (me- 
dulloblastoma). 

A, Postcontrast axial CT scan shows heteroge- 
neously enhancing mass within posterior fossa 
with extension into brainstem. 

B, Sagittal Ti-weighted MR image shows 
mixed-signal-intensity mass extending from cere- 
bellum into brainstem and associated hydroceph- 
alus. Note extension ventra! to basilar artery and 
in interpeduncular and suprasellar cisterns. 





Fig. 4.—Primitive neuroectodermal tumor. 
A, Axial CT scan shows a midline solid mass in region of quadrigeminal piate with associated 


B, Follow-up scan 10 weeks later reveais marked enlargement of tumor mass. 


as avascular masses. Sonography, when performed, was 
usually the first examination performed. Echo texture varied 
from hypoechoic (medulloepithelioma) to hyperechoic {angio- 
blastic meningioma), but most tumors were compiex echo- 
genic masses (teratomas); hydrocephalus was identified when 
present, and calcification was demonstrated in a case of 
teratoma. 


Discussion 


Ainstein et al. [1] first reviewed congenital brain tumors 
presenting in the neonates, and defined them as limited to 
tumors presenting within 60 days after birth. Congenital brain 
tumors represent only 0.5-1.9% of all pediatric brain tumors 
[2-6]. 
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Fig. 5.—Choroid plexus papilloma. 
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A, Angiogram of left internal carotid artery shows dense vascular blush supplied by anterior choroidal artery. 
B, Sagittal T1-weighted MR image shows lobulated homogeneous mass in region of trigone with hydrocephalus. 
C, Postcontrast axial CT scan reveals an enhancing intraventricular mass with hydrocephalus. 


Later, in 1964, Solitare and Krigman [14] reviewed 45 cases 
of neonatal brain tumors and classified them into three cate- 
gories: (1) definitely congenital, those presenting or producing 
symptoms at birth; (2) probably congenital, those presenting 
or producing symptoms within the first week; and, (3) possibly 
congenital, those presenting or producing symptoms within 
the first few months. Wakai et al. [2] modified this categori- 
zation by limiting the last group to neonates presenting within 
2 months of life [2]. Conversely, broader modifications have 
included infants older than 1 year of age, provided symptoms 
began in the first year [3]. Although such divisions are arbi- 
trary, there is no doubt that tumors presenting at birth are 
congenital. Thereafter, confidence about their congenital ori- 
gin wanes with increasing time between birth and symptoms. 
The present study included only neonates aged 2 months or 
less, over half of whom presented at birth. 

The most frequent initial symptom reported in the literature, 
as in our study, is an enlarged head [3]. Signs of increased 
intracranial pressure such as vomiting and papilledema were 
noted infrequently, because in neonates a freely expanding 
calvaria can accommodate the increased volume [6]. Despite 
increased head circumference, 27 of 35 births were compli- 
cated. Only two were stillborn and two premature, suggesting 
that these tumors do not interfere severely with normal ges- 
tation or parturition. 

Focal neurologic changes were absent in most cases of 
neonatal brain tumor despite the large head size and hydro- 
cephalus [2, 3, 6]. Clinical diagnosis is often difficult owing to 
nonspecific signs; some tumors are detected incidentally [2- 
4,6, 8, 12, 13, 15-18, 20, 23, 27, 30, 38, 46, 53, 54]. In our 
Study one case of PNET was discovered incidentally after a 
skull fracture. 

Teratoma is the most common tumor in the neonatal period, 
representing about one-third to one-half of all cases [2, 3, 23, 
34]. They occur supratentorially in at least two-thirds of cases 
and less commonly infratentorially [1-4, 6, 11, 13, 19, 23, 
32-34, 40, 47, 50]. In our series they were also the most 


common tumor, accounting for 12 of 45 cases. Tumor calci- 
fication was noted on CT in all six cases in which unenhanced 
Studies had been performed and tended to be clumplike (Fig. 
1). In only two other tumors, both PNETs, was calcification 
noted on CT; however, it was curvilinear and sparse. Calcifi- 
cation and its appearance, therefore, may prove to be a 
specific and sensitive sign suggesting the diagnosis of con- 
genital CNS teratoma. Perhaps this is because teratomas can 
produce a calcified matrix. The other tumor types calcify 
dystrophically, requiring time to develop. Radkowski et al. [6] 
reported tumor calcification in two of three teratomas: how- 
ever, they also noted calcification in four of five cases of CPP 
and one case of PNET. That calcification can be seen in 
various tumor types suggests that only the type and quantity 
of calcification may be useful distinguishing features. 

The prevalence of tumor hemorrhage in this series was 
18%, much higher than the rate seen in children and adults 
[55], and agrees with the high 14% prevalence previously 
reported [2]. This has been attributed to the rapid growth of 
the neonatal tumors. 

Neuroepithelial tumors constituted 69% of the tumors of 
this series. The prevalence of these tumors was about 50% 
in the largest previous study [2], but varied slightly from study 
to study [1-4, 8, 10, 12, 13, 19, 25, 34, 53, 56]. Seventeen 
(56.7%) of 30 neuroepithelial tumors were glial in origin, of 
which nine (29%) were astrocytomas. Supratentorial PNETs 
followed with eight cases; medulloblastomas represented four 
cases. If medulloblastomas are grouped with other PNETs, 
then they would collectively account for 12 cases. equaling 
the prevalence of teratomas. The increasing prevalence of 
the diagnosis of PNET may be due to the relatively recent 
origin of this new classification, reported by Hart and Earle 
[57] in 1973. The difficult histology of these tumors may make 
them more likely to be referred for secondary consultations 
as well. There were no cases of craniopharyngioma, a tumor 
common in children and young adults but not found frequently 
in neonates [1-4, 6, 8, 10, 13, 14, 16, 18, 39, 42, 56]. It is 
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certain, nevertheless, that the apparent prevalence and age 
distribution of CNS tumors are changing with the earlier 
referral and diagnosis made possible with the advent of CT 
[35]. 

In agreement with most previous reports [t-9, 13, 19, 22, 
23, 27, 34, 35, 38, 54, 56, 58], the majority of our cases were 
supratentorial (two-thirds) and there was no statistically sig- 
nificant sex predilection. 

The prognosis is guarded in all neonates with brain tumors, 
despite modern imaging methods and surgery, probably be- 
cause of the large size (2, 3, 7, 10, 19, 22, 23, 26, 31, 32, 
38, 40, 45, 47, 54, 58, 59). However, survival is significantly 
better for CPP and astrocytoma than for other tumor types 
[3, 6]; in this series one of the patients with CPP underwent 
resection for cure while the mean survival time for astrocy- 
toma was 26 months. 

CT was superior to MR in the detection of calcifications, 
but MR, through its multiple imaging planes and absence of 
bone artifact, better delineated the extent of the tumor, es- 
pecially within the posterior fossa. Angiography was most 
useful in the cases of CPP, in which it revealed a vascular 
blush and the supplying vessels). In some cases sonography 
may have been the first examination to demonstrate the tumor 
mass, but it was not specific and CT was essential for further 
Clarification. 

Imaging studies are helpful in determining the suitability for 
surgery and, perhaps, in the detection and diagnosis of tera- 
toma and CPP. The dominant CT and MR appearance, how- 
ever, regardless of histology, was that of a large heteroge- 
neous mass with associated hydrocephalus. For the neonate 
with a brain tumor, imaging studies are invaluable in the early 
detection of CPP, a variably-sized intraventricular lesion with 
homogeneous enhancement, which is particularly amenable 
to surgical resection before it extends into the parenchyma. 
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Value of Sonography in the 
Diagnosis of Intracranial 
Hemorrhage and Periventricular 
Leukomalacia: A Postmortem Study of 
35 Cases 





Periventricular leukomalacia and germinal matrix hemorrhages are major causes of 
neurodevelopmental abnormalities in the premature neonate. Although sonography is 
widely used to detect these abnormalities and is thought to be sensitive for hemorrhages 
and the later cystic stages of periventricular leukomalacia, its sensitivity for the more 
acute phase of periventricular leukomalacia remains to be determined. It has been 
difficult to study this issue because periventricular leukomalacia often is not lethal, and 
in postmortem studies there is usually a considerable interval between the time of in 
vivo imaging, if any, and the death of the patient. A “prospective” autopsy study was 
performed on brain specimens from infants who died at less than 1 year of age during 
a 10-month period. Thirty-five formalin-fixed brains were studied and sonographic 
images of these specimens were compared with histologic findings in whole brain 
sections to determine the sensitivity and specificity of sonography for the detection of 
germinal matrix hemorrhage and periventricular leukomalacia. Sonography identified 
germinal matrix hemorrhages as small as 5 mm, although smaller lesions were not 
visualized. Postmortem sonography had a sensitivity of 27% and specificity of 88% for 
all germinal matrix hemorrhages, but a sensitivity of 100% and specificity of 91% for 
hemorrhages larger than 5 mm. Periventricular leukomalacia, seen as hyperechoic areas 
in the periventricular white matter, was not detected as readily. For periventricular 
leukomalacia, the overall sensitivity and specificity were 50% and 87%, respectively. 

We conclude that sonography is useful for detecting the larger germinal matrix 
hemorrhages, but has more limited sensitivity in the early diagnosis of periventricular 
leukomalacia. 
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Because of its portability, economy, and lack of ionizing radiation, cerebral 
sonography is widely used for the detection of perinatal hemorrhage and infarction 
[1]. Despite this broad application, however, the sensitivity and specificity of this 
technique remain to be defined, and in individual cases the significance of the subtle 
changes in echogenicity of the brain is often unclear. inquiries into the accuracy of 
this sonographic method can be answered only by comparing sonographic images 
with histologic findings, but this has been difficult since the two principal lesions, 
germinal matrix hemorrhage (GMH) and periventricular leukomalacia (PVL), often 
are not lethal. In those few cases that have been studied postmortem, a consid- 
erable interval, anywhere from several days to several months, elapsed between 
the time of the imaging and the death of the patient [2-5]. Because GMH and PVL 
may evolve during this period of time, it is difficult to determine the sensitivity and 
specificity of sonography by comparing in vivo sonographic images with postmor- 
tem histologic findings. 

With the above limitations, previous investigations have reported sensitivities 
ranging from 78% to 100% for the diagnosis of PVL [3-6]. However, one can 
question the applicability of these statistics derived from sporadically selected 
cases with highly abnormal in vivo images to clinical situations in which it is the 
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significance of subtle changes in echogenicity that is often in 
doubt. In the present study the sensitivity and specificity of 
sonography are addressed systematically. Postmortem son- 
ographic images were compared with the findings from whole- 
brain histologic sections from 35 infants. 


Materials and Methods 
Case Material 


Over a 10-month period, the brains of 35 infants, of whom 22 were 
34-weeks gestation or younger and 13 were less than 1 year old at 
the time of death, were studied postmortem. Criteria for inclusion in 
this study included availability of an adequately fixed brain from any 
infant who had a gestational age of at least 21 weeks but who 
survived less than 1 year. All brains satisfying these criteria were 
analyzed regardless of suspected pathology or clinical features sug- 
gesting an increased risk for intracranial hemorrhage and PVL. Cranial 
sonography had been performed during life in 13 cases but was not 
part of the selection criteria. 

Of the 35 infant brain specimens, 20 were obtained through the 
autopsy service of Duke University Hospital and 15 were referred 
from outside institutions. The latter (and the number of cases) are as 
follows: Boston Children’s Hospital, Boston, MA (three): University of 
Colorado Medical Center, Denver, CO (three); Roanoke Memorial 
Hospital, Roanoke, VA (two); Charlotte Memorial Hospital, Charlotte, 
NC (two); University of Texas Medical Branch, Galveston, TX (two); 
Texas Children’s Hospital, Houston, TX (one); Cape Fear Valley 
Medical Center, Fayetteville, NC (one); and the University of Alabama 
Medical Center, Birmingham, AL (one). 

The gestational ages of the infants at birth ranged from 21 weeks 
to full term, and the time of death occurred anywhere from in utero 
to 11 months of age. The majority of infants (22/35, 63%) were born 
prematurely and died of cardiorespiratory insufficiency within the first 
week of life. 


Sonographic Evaluation 


Postmortem sonography was performed after fixation of the spec- 
imens in 20% formalin for at least 2 weeks. In preparation for imaging, 
the fixed brains were suspended in normal saline or sterile water 
overnight to permit the escape of gas bubbles. All studies were 
performed on a high-resolution electronically focused real-time sys- 
tem (Acuson, Mountain View, CA) using the 5-MHz linear transducer. 
Sagittal, coronal, and axial views were obtained routinely, with addi- 
tional images tailored to the particular examination. 

Each brain was scanned by one of two radiologists experienced in 
sonography but without prior knowledge of the clinical history or 
postmortem findings. in order to adjust for understanding of fixation 
artifacts and normal developmental changes acquired during the 
study period, the scans were reinterpreted blindly at the conclusion 
of the investigation by a single radiologist. The interpretations from 
the latter studies were used in the analyses below. 

images were studied for intracranial hemorrhage and PVL. Abnor- 
mal areas of echogenicity in the region of the caudothalamic groove 
were termed germinal matrix-related hemorrhages [7]. Choroid 
plexus hemorrhages were diagnosed if areas of increased echogen- 
icity were seen adjacent to the choroid plexus, associated with an 
irregular “bumpy” contour of this structure. Intraparenchymai hem- 
orrhages were defined as localized areas of increased parenchymal 
echogenicity. PVL was diagnosed when areas of diffusely increased 


AJR:155, September 1990 


parenchymal echogenicity were at least equal in intensity to the 
choroid plexus and were confirmed in two scanning planes [8]. 

in order to evaluate possible effects of fixation on the sonographic 
appearance of the brain, one of the brains was studied by sonography 
both before and after fixation in formalin. In addition, in vivo images 
obtained in 13 infants from 1 day to 3 months prior to death were 
compared with the postmortem images of the same infants. 


Pathologic Examination 


Serial 0.5- to 1.0-cm coronal sections were made through all brains, 
with smaller sections made in areas of injury Suspected by sonogra- 
phy. At least one, and often two or three, whole-mount histologic 
sections through the centrum semiovale were prepared in each case, 
regardiess of the gross appearance. Small sections from the posterior 
periventricular areas, hippocampus, cerebellum, and brainstem were 
routinely prepared as well. Hematoxylin and eosin stains were used 
on all sections, with additional stains such as Luxol fast blue for 
myelin and Perils’ for iron used as needed. 

The size of any hemorrhages present was determined by gross 
and microscopic examination. The histologic diagnosis of “true” PVL 
was made if radiating periventricular foci of coagulation necrosis were 
observed, with or without a cellular reaction consisting of swollen 
axons, macrophages, and/or gliosis. Other histologic diagnoses in- 
cluded cerebral infarction, laminar necrosis, and white-matter gliosis. 
The last was considered present when the white matter was loose, 
pale-staining, and marked by fibrillary astrocytes with prominent 
perinuclear cytoplasm and clearly visible processes. For the calcula- 
tion of sensitivity and specificity of PVL, the histologic diagnosis of 
true PVL and infarction were combined in the category PVL/Infarction. 
White-matter gliosis was not included. 


Determination of Sensitivity and Specificity 


The numbers of true-positive, true-negative, false-positive, and 
false-negative postmortem sonographic predictions for each patho- 
logic diagnosis were determined. Sensitivity was calculated as true 
positive/(true positive + false negative) and specificity as true negtive/ 
(false positive + true negative). The accuracy of postmortem sonog- 
raphy was computed as (true positive + true negative)/total number 
of diagnoses. 


Results 


Pathologic examination revealed abnormalities in 21 (60%) 
of the 35 brains examined (Table 1). 


Hemorrhages 


Germinal matrix—related hemorrhages were present in 11 
brains. In only three of six cases diagnosed by postmortem 
sonography as GMH (Fig. 1) were hemorrhages seen patho- 
logically, resulting in a sensitivity of 27% and specificity of 
88% (Table 2). Both hemorrhages larger than 5 mm were 
identified by sonography, whereas all but one of the 11 lesions 
5 mm or smaller were overlooked (Fig. 2), as were resolving 
bilateral GMHs in two cases. If one considers only those 
hemorrhages larger than 5 mm, the sensitivity and specificity 
of sonography increase dramatically to 100% and 91%, re- 
spectively. 
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TABLE 1: Pathologic Diagnoses According to Gestational Age 
H HHH 











NO. (%) 
Gestational Age of Germinal Choroid “True” : aye No 
Infant at Death Matrix Plexus ah till: o Periventricular oo heal Pathologic 
Hemorrhage Hemorrhage g Leukomalacia Diagnosis 
>34 weeks (n = 13) 1 (6) 2 115) 1 (8) 0 3 (23) 2 (15) 4 (31) 
<34 weeks (n = 22) 10 (46) 1 (5) 4 (18) 4 (18) 3 (14) 1 (5) 10 (46) 





Fig. 2.—A, Coronal sonogram obtained postmortem illustrates sensitivity of sonography for large 
germinal matrix hemorrhages, but its insensitivity for smaller lesions. Area of increased echogenicity on 
right (long arrows) corresponds to germinal matrix hemorrhage, but there is no corresponding abnor- 
mality in echogenicity on left, where a 5-mm hemorrhage was found pathologically. Highly echogenic 
focus (short arrow) is an air bubble in lateral ventricle. 

B, Histologic coronal section of specimen imaged in A reveals large germinal matrix on right that was 
visualized by sonography. Darkly staining smaller contralateral hemorrhage was not seen by sonography. 
(H and E) 


Fig. 1.—Postmortem scan in parasagittal 
plane records typical large germinal matrix 
hemorrhage (arrows) in caudothalamic groove. 
C = caudate nucleus; T = thalamus. 


TABLE 2: Sonographic Predictions for Hemorrhage 


SS SS EE ES I a IA 
Germinal 








All Germinal Choroid 
Statistical Measure Matrix Pelee Plexus jp ee aia 
Hemorrhages ss pe Hemorrhage 
True positive (TP) S 2 0 2 
True negative (TN) 21 30 28 30 
False positive (FP) 3 3 5 0 
False negative (FN) 8 0 2 3 
% Sensitivity [TP/ 
(TP + FN)] 27 100 0 40 
% Specificity [TN/ 
(TN + FP)] 88 91 85 100 
% Accuracy [(TP + 
TN)/total] 69 91 80 91 


Sa a o a 


Pathologic examination revealed choroid plexus hemor- 
rhages in three brains; none of these hemorrhages had been 
predicted by postmortem sonography. In addition, five false- 
positive predictions of choroid plexus hemorrhage were made 
(Fig. 3) giving an overall 0% sensitivity and 85% specificity. 
Hemorrhages were found also in the cerebral parenchyma 
and cerebellum in five cases (Fig. 4). Although postmortem 
sonography readily identified an abnormality in three of the 
five cases, two of these three were identified as representing 


PVL rather than hemorrhage. Therefore, a sensitivity of 40% 
and specificity of 100% were determined for intraparenchymal 
hemorrhages. 


PVL/Infarction 


There were seven examples of PVL/infarction, of which 
four were predicted by postmortem sonography. Altogether, 
sonography predicted eight cases of PVL/infarction by classic 
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criteria (Table 3); however, only four of these exhibited PVL/ 
infarction histologically. An adult pattern of ischemia was seen 
in the brains of two of the term infants and classified by 
sonography as PVL since no other categories for ischemic 
injury were included in our sonographic evaluation. An overall 
sensitivity of 57% and specificity of 86% were calculated for 
the identification of the combined category of PVL and infarc- 
tion. 

True PVL, defined by Banker and Larroche [9] as periven- 
tricular foci of coagulation necrosis, existed in only four cases, 
all in infants less than 34 weeks gestational age (Figs. 5 and 
6). One of these infants, who was 32-33 weeks gestation 
and weighed 2240 g at birth, also had evidence of infarction 
in the distribution of the middle cerebral artery. Previous 
studies have combined true PVL with other forms of hypoxic- 
ischemic injury into the category of PVL [5, 10, 11]. If true 
PVL is considered as a separate diagnostic entity, the sensi- 
tivity and specificity of sonography for PVL decrease to 50% 
and 87%, respectively. 

The histologic diagnosis of white-matter gliosis was made 
in six of the 35 cases. Although there were no specific 
sonographic criteria for white-matter gliosis, the one case 
identified as abnormal by sonography had a pattern of in- 
creased echogenicity similar to that seen with PVL (Figs. 7 
and 8). 

As described in prior reports [12], it was found that certain 
injuries were characteristic for different stages of develop- 
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ment (Table 1). True PVL, as well as GMHs, were seen almost 
exclusively in the brains of infants less than 34 weeks ges- 
tation, whereas cortical infarction, laminar necrosis, and hem- 
orrhages in the choroid plexus and brain parenchyma were 
seen in the more mature infants (Fig. 9). It was of interest 
that the common consequence of hypoxia/hypertension in 
adults, hippocampal necrosis, was seen in only one of the 35 
cases—a term infant with extensive laminar necrosis. 

In addition, this study revealed striking changes in the 
normal echo pattern of the brain during development. Ex- 
tremely premature neonates (less than 28 weeks) had areas 
of increased echogenicity in a well-defined, symmetric pattern 
Surrounding the lateral ventricles (Fig. 10). Pathologic exami- 
nation revealed this echogenic region to be concentric layers 
of migrating glial cells from the germinal matrix region in a 
band of developing white matter. Term infants had uniformly 
increased echogenicity in the periphery, which corresponds 
to increased cellularity in the cortex. 


Discussion 


Although there are optimistic figures as high as 91% for 
the sensitivity of sonography in the detection of GMHs [6], 
our study suggests that sonography is not as accurate for 
this diagnosis as previously documented. We were unable to 
detect the majority of GMHs 5 mm or smaller. The discrep- 
ancy between the high sensitivity previously reported and our 


Fig. 3.—Irregular contours of normal cho- 
roid plexus were often misinterpreted as cho- 
roid plexus hemorrhages. On this sagittal im- 
age, protruding area of echogenicity (arrow) 
was normal choroid plexus on histologic study. 


Fig. 4.—In contrast to the difficulty in iden- 
tifying small germinal matrix hemorrhages, 
even small intraparenchymal hemorrhages 
were seen by sonography (short arrows). Also 
seen is echogenic intraventricular hemorrhage 
(long arrows). 


TABLE 3: Sonographic Predictions for Parenchymal Lesions 











“True” Periventricular ; All 
Statistical Measure Periventricular Leukomalacia/ TN Parenchymal 
Leukomalacia Infarction Lesions 
True positive (TP) 2 4 1 3 
True negative (TN) 27 24 Zo 19 
False positive (FP) 4 4 4 4 
False negative (FN) 2 3 5 9 
% Sensitivity [TP/ 
(TP + FN)] 50 57 17 25 
% Specificity | TN/ 
(TN + FP)] 87 86 86 83 
% Accuracy |(TP + 
TN)/total] 83 80 74 63 


+ a amr a SS ————————————E——————— 
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Fig. 5.—Acute phase of true periventricular 
leukomalacia was seen in this specimen from 
a premature infant, although it frequently could 
not be detected by sonography. Increased 
echogenicity in deep periventricular white mat- 
ter (arrows). V = ventricle. 


Fig. 6.—As in this premature infant, true 
periventricular leukomalacia appears as ra- 
diating lines of parenchymal necrosis (arrows) 
with epicenter at angle of lateral ventricle. Note 
normal darkly staining germinal matrix. (H and 
E) 


Fig. 7.—Diagnosis of this large diffuse area 
of increased echogenicity (arrows) on coronal 
scan was illustrative of semantic issues in- 
volved in periventricular leukomalacia. Al- 
though interpreted sonographically as periven- 
tricular leukomalacia, histologic examination 
disclosed white-matter gliosis. 


Fig. 8.—As seen on this oblique section, 
white-matter gliosis produces pallor and 
edema of periventricular white matter. It is 
more extensive than periventricular leukoma- 
lacia and lacks radiating foci of coagulative 
necrosis. 


Fig. 9.—Large cerebral infarcts that ex- 
tended into deep white matter (arrows) could 
appear similar to periventricular leukomalacia. 
In contrast to periventricular leukomalacia, 
however, lesion extends to cortical surface 
and is not centered in angle of lateral ventrical. 
The patient was a term infant. 


Fig. 10.—Migrating germinal matrix cells in 
a band of developing white matter on coronal 
sonogram of normal premature brain create 
periventricular zone of echogenicity (arrows) 
that should not be misinterpreted as periven- 
tricular leukomalacia. V = lateral ventricles. 


lower figure (27%) likely reflects the design and patient pop- 
ulations of the respective investigations. Trounce et al. [6] 
Studied only infants with a birth weight of 1500 g or less in 
whom at least one sonogram had been obtained while alive, 
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whereas our investigation focused on patients selected largely 
for gestational age rather than a history of hemorrhage. Thus, 
it is not surprising that our study included more of the smaller, 
difficult-to-image hemorrhages. Previous reports [8, 13] have 
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also commented on the diagnostic difficulty in identifying 
GMHs smaller than 5 mm, and attributed this to the difficulty 
of distinguishing small hemorrhages from normal vascular 
structures in the region of the germinal matrix. Normal vas- 
cular structures imaged in oblique planes also may be re- 
sponsible for the two false-positive diagnoses of GMH in this 
Study. In addition, small hemorrhages were missed because 
of artifacts from intraventricular air introduced during the 
process of postmortem fixation and suspension of the brains 
in water baths. Intraventricular air partially obscured the ger- 
minal matrix region in five cases, but this would not pose a 
problem during in vivo studies. Two cases of resolving GMHs 
were missed because they were isoechoic relative to the 
surrounding parenchyma; however, these lesions were pre- 
viously diagnosed in vivo during the acute stages. 

Sonography was able to detect both of the GMHs larger 
than 5 mm. Although these hemorrhages accounted for only 
two of the 11 GMHs seen, they probably represent the more 
prognostically significant lesions if extrapolated to the surviv- 
ing population. Prospective developmental studies have indi- 
cated that the size of the hemorrhage and the extent to which 
it disrupts the ventricle, adjacent parenchyma, or both deter- 
mines the degree of neurologic sequelae [11, 14-18]. The 
smaller hemorrhages may be asymptomatic or may produce 
subtle neurologic deficits that do not contribute to increased 
mortality. Disregarding the smaller GMHs and choroid plexus 
hemorrhages, sonography remains a sensitive tool for the 
detection of intracranial hemorrhages, although three false 
positives were noted. The clinical significance, if any, of the 
smaller (<5 mm) lesions is unclear. 

In contrast, the diagnosis of choroid plexus hemorrhage 
was especially difficult because of the considerable variations 
in the size, configuration, and echogenicity of the normal 
choroid plexus. This suggests that the choroid plexus is not 
a fixed anatomic structure with uniform sonographic charac- 
teristics. The assumption that irregularity in the shape of the 
choroid plexus as seen by sonography always signifies cho- 
roid plexus hemorrhages [7] is incorrect and, therefore, cho- 
roid plexus hemorrhages should be diagnosed with caution 
[1]. Choroid plexus hemorrhage was found primarily in term 
infants; it was found in only one preterm infant and was 
associated with GMH extending into the ventricle. Although 
a high specificity was calculated for choroid plexus hemor- 
rhages, this result is misleading. The fact that no true-positive 
diagnoses were made shows the limitation of sonography in 
this setting. From these findings, we propose that the preva- 
lence of choroid plexus hemorrhage is lower than would be 
expected from sonographic imaging, and that sonographers 
should accept a wide range of variation in the appearance of 
the normal choroid plexus. 

Hemorrhages in the brain parenchyma outside the germinal 
matrix were identified as foci of altered echogenicity in four 
of five cases, the one exception being a case with only 
microscopic foci measuring less than 1 mm. The brains of 
three older infants weighing more than 2000 g contained 
isolated parenchymal hemorrhages in association with diffuse 
cortical ischemia; therefore, these hemorrhages presumably 
differ in etiology from those originating in the region of the 
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germinal matrix. Sonography therefore seems a sensitive tool 
in detecting intraparenchymal hemorrhages outside the ger- 
minal matrix, even those less than 0.5 cm in largest dimension. 

In regard to the issue of parenchymal ischemic change, this 
study demonstrated the limitations of sonography, particularly 
in the prediction of true PVL. The sensitivity and specificity 
issue of PVL is clouded by the fact that at least three histologic 
lesions are included in the diagnosis reached by classic son- 
ographic criteria. These lesions are true PVL, cerebral infarc- 
tion whose wedge-shaped extensions reach the deep white 
matter, and an entity referred to as white-matter gliosis. 

Strictly speaking, true PVL, as defined by Banker and 
Larroche [8], consists of focal nodular or linear areas of 
coagulation necrosis within the periventricular white matter. 
These undergo cystic degeneration over a period of 1-4 
weeks. The evolution of these lesions involves the prolifera- 
tion of microglia and astrocytes at the periphery within 24 hr, 
followed by an increase in macrophage activity with resultant 
liquefaction necrosis. Such lesions were observed in four of 
the 35 cases in our study; two of these were missed by 
sonography even though they were as large as 1.1 xX 1.3 cm. 
One would assume that these lesions would have become 
apparent if they had had time to evolve into cysts [2, 5, 
19, 20]. 

Cerebral infarction is a category of ischemic injury that 
mimics PVL on sonography when it extends into the deep 
white matter. In our three cases, all were identified as deep- 
seated foci of increased echogenicity and assumed to be 
PVL. Examination of the brain postmortem confirmed the 
abnormality but showed that it was part of a wedge-shaped 
infarct whose cortical base was not well visualized sonograph- 
ically, thus underestimating the extent of injury [10]. This type 
of injury was found in three neonates older than 34 weeks 
and contrasts with true PVL, which is restricted to the pre- 
mature. 

White-matter gliosis may simulate PVL on sonography as 
well. In the present study, large diffuse areas of increased 
echogenicity correlated with large histologic areas of white- 
matter gliosis as described in detail by Rorke [21]. It was in 
this manner that one false-positive sonographic diagnosis of 
PVL was made. If white-matter gliosis and PVL infarction are 
considered as a single entity, as they have in other reports, 
then the specificity of sonography is 83%, approaching the 
values seen in the other studies [3, 5, 6]. This entity of gliosis 
is distinct from PVL and is relatively common, found in any- 
where from 15 to 40% of a high-risk infant population seen 
at autopsy [21] and in six (17%) of 35 members of our autopsy 
population. In five cases small areas of white-matter gliosis 
were overlooked as normal by sonography. Epidemiologic 
factors most closely associated with white-matter gliosis in- 
clude cardiorespiratory problems such as respiratory distress 
syndrome, congenital heart disease, and perinatal asphyxia, 
similar to those in PVL. 

Our findings suggest that PVL overlaps sonographically 
with other types of parenchymal injuries such as white-matter 
gliosis, hemorrhage, and cortical infarction in the acute 
stages. Periventricular echogenicity by itself is not a specific 
indicator of necrosis within the white matter [2]. Therefore, 
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the sonographer must consider the gestational age of the 
infant in order to accurately assess the location and type of 
injury present, if any. Serial examinations also may be nec- 
essary to follow the progression of brain injury [5, 22]. 

The use of postmortem imaging after tissue fixation in the 
present studies raises several issues that relate to the sensi- 
tivities and specificities of sonography in vivo. The most 
important is the extent to which formalin fixation alters the 
echogenic properties of the brain. Previous studies [23] have 
shown that there is little change in attenuation of ultrasound 
waves caused by formalin fixation. We found only minimal 
differences in the images produced before fixation compared 
with those after fixation. The postmortem images also corre- 
lated well with the in vivo scans, and actually reveal improved 
resolution of intracranial structures because of the absence 
of any barrier to visualization produced by the skull. In addi- 
tion, it was our belief that the anatomic details were seen 
better in postmortem imaging than in in vivo imaging. Fur- 
thermore, without the restriction as to scanning plane dictated 
by the fontanelle, the brains could be studied freely from any 
angle. In short, we do not believe that the formalin fixation 
contributed to the lower sensitivity of sonography to lesions, 
as has been reported previously. The primary limitation of 
postmortem imaging was in visualizing the germinal matrix 
region owing to occasional trapping of gas within the ventri- 
cles. This artifact was minimized by suspending the formalin- 
fixed brain in water for 1-2 days before scanning, but still 
precluded visualization of the germinal matrix region in some 
cases. 

We conclude that sonography is sensitive for the detection 
of GMHs larger than 5 mm, but insensitive for the smaller and 
perhaps biologically less significant lesions. For choroid 
plexus hemorrhages, the technique appears insensitive given 
the overlap in sonographic appearance between choroid 
plexus hemorrhages and normal plexus in its normal wide 
range of sonographic profiles. In regard to parenchymal forms 
of perinatal hypoxic/ischemic injury, increased parenchymal 
echogenicity is not specific for PVL or infarction, but rather is 
a predictor of a wide variety of abnormalities including white- 
matter gliosis, PVL, hemorrhage, and cortical infarction. In 
this setting the gestational age of the neonate, the location 
and pattern of echogenicity, as well as the progression of 
echogenicity over time must all be considered in the evaluation 
of abnormal sonographic images. 
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Book Review 





Imaging 1990. By Fred A. Mettler, Jr. Boston: Little, Brown, 275 pp., 1990. $85 


Imaging 1990 is a compilation, distillation, and annotation of key 
papers published in the radiologic literature and of presentations from 
national meetings for 1988. The style is reportorial rather than critical, 
and the book deals primarily with advances in functional and anatomic 
imaging. The material is presented according to systems (e.g., gas- 
trointestinal, musculoskeletal) and includes sections on nuclear, in- 
terventional, and radiation effects. The material is exceptionally read- 
able, and illustrations and narratives are all of excellent quality. Except 
for the brevity in some areas, the book has no weak points. 

Predictably, MR imaging occupies the limelight. Its virtues are 
extolled in all areas, notably, in acute osteomyelitis, aortic dissection, 
changes in the cartilaginous epiphysis in patients with juvenile rheu- 
matoid arthritis, and evaluation of the temporomandibular joint. | hope 
we can now avoid the midnight myelogram in patients with acute 
cord compression (particularly with tumor etiology), with sagittal- 
section MR imaging accomplished in less than 10 min. According to 
this book, “A major goal has been to make MRI more efficacious in 
abdominal imaging.” However, | suspect that CT is still the imaging 
technique par excellence in this regard. The book has some positive 
pronouncements (e.g., The search is still on for the therapeutic 
B-emitting radionuclide that targets malignancy), some negative pro- 
nouncements (e.g., MR imaging cannot be used to assess the extent 
of rectal wall invasion), and some scholarly pronouncements (e.g., 
The pattern of medical practice often is used as a standard to 
determine liability malpractice suits). 

A super review of the mechanics of contrast media includes 
appropriate guidelines for the practitioner. An expanded overview of 
MR imaging and the liver discusses technique, specificity, and use of 
the contrast agents. 

Caveats to remember include the following: (1) Be sure to note the 
position of the carpal scaphoid fat stripe. (2) Careful evaluation of C1 
and C2 is essential in patients with Down syndrome who are sports 


inclined (atlantoaxiai instability). (3) The role of clinical history in the 
interpretation of abdominal sonograms is critical. 

| was particularly interested in the information on high-resolution 
CT for chest disease, primary lung malignancy, and the evaluation of 
mediastinal adenopathy; vascular sonography for venous thrombosis; 
and the controversial future of positron-emission tomography, which 
could change with the appearance of the rubidium-82 generator as 
an option to the cyclotron. | reluctantly accept the ultimate crush for 
barium (i.e., sonography has been accepted as the standard imaging 
procedure for the diagnosis of hypertrophic pyloric stenosis). 

The book also has excellent discussions and updates on the 
following: (1) the blue toe syndrome (role of percutaneous transhe- 
patic aspiration), (2) Ondine’s curse (congenital hyperventilation syn- 
drome) and neurocristopathy, (3) embolotherapy and fibrinolysis, (4) 
the lemon and banana signs (in utero neurosonography with Arnold 
Chiari II), (5) new assaults on old bugaboos (i.e., percutaneous biopsy 
of the liver for cavernous hemangioma [normal bleeding parameters] 
and Ecchinococcus cyst), and (6) laser-assisted angioplasty and 
catheter atherectomy. If a topic is not mentioned in this book, it 
probably is not in the mainstream. All this happened in 1988. 

A wise man once asked, “How do we differentiate the radiologist 
from the rest of the species when evaluating the radiograph?” Simply, 
it is the ability to recognize the rare event. In his timely foreword, Dr. 
Juhl has sounded a clarion call to arms: “If we maintain competence 
in our specialty or subspecialty, seeking to keep up with current 
methodology and literature, then the turf battles now occurring in 
some areas can be resolved in our favor if we are the most competent 
and well trained.” If you have not already developed a game plan in 
this regard, Imaging 1990 is a good place to start. Buy it and read it; 
it is worth every penny. 

Murray A. Rosenberg 
Easton, CT 06612 
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Intraoperative Sonography of 
Cervical Spinal Cord Injury: 
Results in 30 Patients 





Intraoperative spinal sonography (IOSS) with a 7.5-MHz sector transducer was per- 
formed in 30 patients with cervical spine injury associated with neurologic deficits. A 
laminectomy (25 patients) or anterior corpectomy (five patients) during spinal surgery 
provided the IOSS imaging window. The surgery was performed for either spinal 
decompression or fixation as part of the initial care of these patients and occurred 1 to 
39 days (mean, 12.4 days) after injury. Parenchymal spinal cord lesions at the level of 
cervical fracture or stenosis that were compatible with the initial neurologic deficits 
were detected by IOSS in 28 (96.5%) of 29 patients with technically adequate studies. 
Lesions appeared as foci of increased echogenicity and were sorted into five injury 
grades (0 through IV). The IOSS injury grade in each patient was determined by the 
maximal diameter of regions of increased echogenicity and/or cyst formation in either 
the sagittal or transverse image plane. The extent of initial neurologic injury and its 
recovery was assessed by using the ASIA motor score (0 to 100 unit scale} at admission 
and during follow-up. The IOSS injury grade was correlated with the initial ASIA motor 
score (p < 0.009, Spearman’s Rank Order Test), indicating that the 1098 echogenicity 
is related to the extent of initial clinical motor deficit. Regression analysis disclosed that 
both the IOSS injury grade and the initial ASIA score were correlated with the follow-up 
ASIA score (p < 0.05 and p < 0.001, respectively). However, the addition of the JOSS 
injury grade to the initial ASIA motor score did not improve the predictive ability of the 
follow-up ASIA motor score. This was interpreted as indicating that the jOSS injury grade 
and initial ASIA motor score contain similar information about the extent of the traumatic 
spinal cord injury. 

lOSS was compared with concurrently performed cervical spine MR images in 12 
patients. IOSS confirmed parenchymal lesions demonstrated by MR (five patients), 
revealed cord lesions not detected by suboptimal MR studies (three patients), and better 
characterized lesions with early cyst formation (two patients). |OSS did not detect 
possibly significant herniated intervertebral disks in two patients because of its limited 
field of view. 


AJNR 11:755-761, July/August 1990; AJR 155:603-609, September 1990 


Intraoperative spinal sonography (IOSS) has been shown to be useful in evalu- 
ating the acutely injured spinal cord by detecting and assessing the significance of 
displaced bone fragments, herniated disk material, epidural hematomas, spinal 
malalignment, residual thecal sac and spinal cord compression, and retained foreign 
bodies [1]. IOSS is also helpful in guiding the reduction of vertebra! fractures/ 
subluxations and in detecting the presence of posttraumatic cysis, either intra- or 
extramedullary, which may require shunting for management [1-3]. Quencer et al. 
[4] reported that IOSS is superior to CT with intrathecal contrast in its ability to 
differentiate spinal cord myelomalacia from intramedullary cysts and to estimate 
their size and number. 

The value of IOSS for demonstrating, characterizing, and grading the type, 
severity, and outcome in a series of acute cervical spinal cord parenchymal injuries 
has not been reported to our knowledge. During an 18-month period we used 
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lOSS to evaluate 30 spinal trauma patients with neurologic 
deficits referable to the cervical spinal cord injury who required 
laminectomy, posterior bone fragment removal, or anterior 
corpectomy for decompression of the neural elements and/ 
or fixation as part of their initial medical management. A 
sonographic injury score, based on the size and sonographic 
character of lesions, was devised. This score was determined 
for each patient and compared with his initial and follow-up 
motor neurologic deficits. The IOSS score and location were 
additionally compared with concurrently performed cervical 
spine MR studies in 12 patients. 


Methods and Materials 


IOSS was performed in 30 adult patients (25 men and five women) 
16-74 years old (mean, 43.9 years) from 1 to 39 days after cervical 
spine injury (mean, 12.4 days; 13 within 72 hr). All patients sustained 
neurologic deficits referable to cervical spinal cord injury. The initial 
neurologic deficits were classified as central cord syndrome (16), 
quadriplegia (eight), anterior cord syndrome (four), and radiculopathy 
(two). |OSS was performed with a 7.5 MHz sector transducer (Neuro- 
sector, ATL, Advanced Technology Labs, Bathell, WA). Twenty-five 
patients required laminectomy for spinal canal decompression and 
had IOSS images obtained via the posterior approach. These patients 
were operated on in the prone position and the surgical wound was 
filled with saline as both a sonographic coupling medium and a stand- 
off. All the studies were technically satisfactory. Five patients had 
anterior corpectomy for management of severe hyperflexion/axial 
loading injuries with anterior interbody bone graft and Caspar plate 
fixation [5]. These patients were operated on in the supine position 
with the Caspar cervical retractors (Aesculap Instrument Corp., Bur- 
lingame, CA) in place. The cervical retractors held the scan head at 
30-40 mm from the anterior cervical body. These anterior studies 
were technically suboptimal, since the spinal cord was beyond the 
focal plane of the transducer, and one study was considered uninter- 


Fig. 1.—Grade IV lesion with cyst. 
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pretable. |OSS added only 5-10 min to the surgical procedure, with 
minimal risk to the patient. 

All |OSS studies were recorded in real time on videotape, and 
selected images were later viewed and photographed for grading and 
lesion analysis. All patients reported in this study required bony 
decompression of the anterior or posterior spinal elements as dictated 
by their neurologic deficits, spinal fractures, and stabilization require- 
ments. No patient had to have extra bone removed to allow IOSS to 
be performed or to provide a wider field of view. 

Regions of altered echogenicity (increased or decreased) were 
evaluated in both the transverse and sagittal orientations to assess 
the volume of the injured spinal cord. Injury grade was based on the 
maximal diameter and character of abnormal parenchymal echogen- 
icity in either imaging plane in the following manner: 

Grade 0 — No area of altered echogenicity 


Grade | — Focal increased echogenicity of < one half cord diam- 
eter 

Grade Il — Focal increased echogenicity > one-half and < full 
diameter of cord 

Grade III — Increased echogenicity involving full diameter of cord 


Grade IV— Increased echogenicity accompanied by cyst/syrinx 

formation within echogenic area 

In addition, such epidural abnormalities as intervertebral disk her- 
niation, bone fragment retropulsion, and epidural hematoma were 
noted. The motor neurologic deficit of the patients was assessed by 
the American Spinal Injury Association (ASIA) motor score classifi- 
cation [6] at admission and at follow-up in the 27 surviving patients 
with adequate IOSS for a period of 6 to 36 months in 21 patients 
and at 3 months in the remaining six patients. 

Cervical spine MR (1.5 T, Siemens Magnetom) images were per- 
formed in 12 patients within 1 week of the IOSS except in one patient 
(Fig. 1) in whom MR was performed 18 days prior to IOSS. These 
studies were performed to clarify findings of radiography or spinal CT 
and to assess the cord for evidence of parenchymal abnormality. The 
patients were stabilized in a hard plastic cervical (Philadelphia) collar 
during the MR scan. This collar was considered adequate mechanical 
Stabilization in this subgroup of spinal cord injury patients undergoing 





A, Mid-sagittal MR examination (SE 500/20) performed in 23-year-old woman with quadriplegia 2 weeks after trauma shows no definite focal parenchymal 


lesion. 


B, Mid-sagittal MR examination (SE 2000/35) performed 3 weeks after trauma reveals area of increased signal at C3-C4 level (arrow) compatible with 


contusion or myelomalacia. 


C, IOSS performed 5 weeks after trauma reveals uniform increased cord echogenicity with large central cavity (? necrosis) at C3-C4 level (straight 
arrows). A small midline posterior osteophyte is also observed (curved arrow). The cystic change may have developed in the 2-week interval between MR 
and IOSS. (Figs. 1A and 1B originally published in Mirvis SE, Geisler FH, Jelinek JJ, Joslyn JN, Gellad F. Acute cervical spine trauma: evaluation with 1.5- 


T imaging. Radiology 1988;166:807-816. Used with permission.) 
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MR, since they had mechanically stable central cord injuries. The 
plastic collar produced no MR artifacts across the spinal cord image 
and was tolerated well by the patients during the examination. 


Results 


lOSS was considered interpretable in 29 or 30 patients. 
Among these 29 patients, 32 separate spinal cord lesions 
were demonstrated (three patients had two lesions each). 
Parenchymal spinal cord lesions at the level of cervical frac- 
ture or stenosis that were compatible with the initial neurologic 
deficits were detected by IOSS in 28 (96.5%) of 29 patients 
with technically adequate studies. IOSS injury score was 
assigned on the basis of maximal grade of injury in either the 
Sagittal or transverse image plane and included one patient 
with grade 0, two patients with grade |, 11 patients with grade 
ll (Figs. 2-4), 11 patients with grade Ill (Figs. 5 and 6), and 
four patients with grade IV lesions (Figs. 1 and 7). Table 1 
compares the IOSS injury grade with the admission and final 
ASIA motor scores. 

The IOSS grade was correlated with the initial ASIA motor 
score (p < 0.009, Spearman's Rank Order Test), indicating 
that the IOSS echogenicity is related to the initial traumatic 
Clinical motor deficit [7]. Regression analysis (see Appendix) 
demonstrated that both the IOSS injury grade and the initial 
ASIA score were correlated with the follow-up ASIA score (p 
< 0.05 and p < 0.001, respectively). However, the addition 
of the IOSS grade to the initial ASIA motor score did not 


Fig. 2.—Grade II lesion with central gray 
localization. 

A and B, IOSS performed in 63-year-old man 
with moderately severe anterior cord syndrome 
1 day after trauma. Area of echogenicity occu- 
pies central portion of cord. Axial image reveals 
discrete echogenic foci in the central gray area 
of cord (arrows). Note increased echogenic re- 
gion in anterior epidural space (arrowheads) be- 
lieved to represent epidural hematoma. 


Fig. 3.—Grade II lesions with corresponding 
MR. IOSS performed in 33-year-old man with 
severe central cord syndrome 14 days after 
trauma. 

A, Sonogram reveals two foci of increased 
echogenicity involving less than complete di- 
ameter of cord (arrows). One lesion is at disk 
level and more caudal lesion is at mid-body 
level. 

B, Corresponding MR examination (SE 2500/ 
90) reveals two foci of increased signal at C4- 
C5 disk and at mid-C5 body (arrows) corre- 
sponding to IOSS. Small posterior osteophytes 
and spinal stenosis is noted from C3-C4 to 
C6-C7. 
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improve the predictive ability of the follow-up ASIA motor 
score. This was interpreted as indicating that the |OSS grade 
and initial ASIA motor score contained similar information 
about the extent of the traumatic spinal cord injury. 

lOSS also detected extradural abnormalities, including large 
posterior osteophytes indenting the spinal cord (three) (Figs. 
5 and 6), residual anteriorly subluxed vertebral bodies (two), 
anterior epidural hematomas (two) (Fig. 2), asymmetric inter- 
vertebral disk herniation (one), retropulsed bone fragments 
compressing the anterior thecal sac (one), and a posteriorly 
subluxed vertebral body compressing the thecal sac and 
anterior spinal cord (Fig. 7). In all cases these abnormalities 
were previously diagnosed from radiographs, CT with in- 
trathecal contrast, or MR prior to surgery. 

Cervical spine MR images were compared with IOSS per- 
formed in 12 patients within 1 week of IOSS (Table 2). IOSS 
demonstrated 14 foci of increased echogenicity, including two 
separate foci in two patients, interpreted as parenchymal 
contusions. Two foci of decreased echogenicity were ob- 
served and interpreted as areas of intramedullary cyst for- 
mation in these patients. IOSS was equivalent to MR in 
demonstrating six parenchymal lesions in five patients (Figs. 
3 and 6). IOSS detected six other parenchymal! cord lesions 
not seen by MR (one grade Ill, four grade Il, and one grade | 
lesions) in four other patients. Three of these studies were 
technically suboptimal owing to patient motion artifact (Fig. 
4). Early parenchymal cyst formation was depicted by |OSS 
but not by MR in two patients (Fig. 1). MR demonstrated 








Fig. 5.—Grade Ill cord lesion. |OSS performed 
in 57-year-old man with central cord syndrome 14 
days after trauma reveals increased echogenic 
area (solid arrows) extending across entire cord 
diameter. Lesion is centered at level of posterior 
osteophyte (open arrow). 
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Fig. 4.—lIOSS and corresponding MR. 

A, Mid-sagittal MR (SE 500/17) obtained in 57- 
year-old woman after fall reveals large osteo- 
phyte at C3-C4 in contact with anterior spinal 
cord. 

B, Mid-sagittal MR (SE 2500/90) is compro- 
mised by motion, but reveals indentation of an- 
terior and posterior spinal cord at C3-C4. No 
parenchymal lesion is discerned. 

C, IOSS study performed after laminectomy 5 
days after MR study reveals an area of increased 
echogenicity posteriorly at C3-C4 and possibly 
posteriorly at C5 (arrows). 

D, Follow-up mid-sagittal MR (SE 2500/90) 
performed 40 days after surgery reveals in- 
creased signal at C3-C4 (arrow) corresponding 
to lesion observed by IOSS. 





A 


Fig. 6.—1OSS and corresponding MR. 

A, IOSS obtained in 34-year-old man after motor vehicle accident reveals grade Ill echogenic area 
at C3 level (black arrows) just below large C2—C3 osteophyte (white arrow). 

B, Corresponding MR (GRE 200/18, angle 10°) performed after C3, C4, and partial C5 laminectomy 
reveals increased signal at C3 compatible with contusion (arrow). 
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Fig. 7.—Grade IV lesion with cyst formation. 
IOSS performed in 25-year-old man with severe 
central cord syndrome 15 days after trauma. 

A, Longitudinal image reveals large area of 
increased echogenicity (solid straight arrows) at 
level of retropulsed vertebral body (arrow- 
heads). Note slight anterior indentation of cord 
(curved arrow). Central area of echolucency is 
compatible with cyst (open arrow) formation 
(? liquefaction). 

B, Axial image also demonstrates focus of 
cyst formation surrounded by echogenic 
contusion. 


TABLE 1: IOSS Injury Grade Versus Initial and Final ASIA Motor 
Score (0-100 Range) 





Follow-up* ASIA 


lOSS Number Motor Score 


Initial ASIA 


Injury of Motor Score? 

Grade’ Patients? Mean and Range pae 
0 1 84 (84) 98 (98) 
| 2 97.5 (97-98) 99 (98-100) 
HIS 10 43.2 (22-89) 82.1 (41-98) 
11° 10 45.6 (1-86) 73.5 (10-100) 
Iv’ 4 8.5 (0-14) 27.8 (0-59) 





"IOSS injury grade determined by the maximum diameter of echogenicity in 
the sagittal and transverse image planes. 

? The total number of patients with IOSS injury grade and follow-up is 27 of 
the 30 patients (two deaths and one technically inadequate IOSS study). 

° The ASIA motor score has a range of 0 (complete quadriplegia) to 100 
(normal motor function). It is determined by adding the muscle strengths (0-5 
point strength scale) for five key muscles in each extremity. 

* Follow-up ASIA motor scores were determined from 6 to 36 months after 
injury in 21 patients and at 3 months in the remaining six patients. 

° In this group one patient died before follow-up and two patients had two 
grade II lesions. 

ê In this group one patient died before follow-up and one patient had two 
grade III lesions. One patient had a concurrent grade II lesion and is included 
in this group for analysis. 

7 All patients had cystic changes within areas of increased echogenicity. 


herniated intervertebral disks in two patients that were not 
visualized on IOSS because of the restriction in the field of 
view of the IOSS study. Pathologic confirmation of parenchy- 
mal contusions or cysts was not obtained in any patient, since 
no spinal cord biopsies were performed and autopsies were 
not performed in two patients who died. 


Discussion 


lOSS has previously been applied to diagnosis and man- 
agement of spinal trauma. Montalvo et al. [3] have shown 
that IOSS can detect bone fragments, spinal malalignment, 
cord or thecal sac compression, foreign bodies, and late 
complications of spinal cord injury, including myelomalacia 
and posttraumatic intramedullary and subarachnoid cysts. 
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lOSS can guide the surgical decompression of the spinal cord 
and help obtain anatomic reduction [1-4]. While the role of 
IOSS in making the important distinction between posttrau- 
matic cyst/syrinx and myelomalacia in the chronically injured 
spinal cord has been emphasized [3], the potential value of 
lOSS in defining lesions of the spinal cord in the acute and 
subacute phases of injury has not been addressed. 

We performed IOSS on 30 patients with cervical spinal 
trauma resulting in neurologic deficits who required removal 
of anterior or posterior bony elements for surgical bony de- 
compression and fixation of the spine with exposure of the 
dura. This study evaluates the ability of IOSS to detect and 
quantify spinal cord parenchymal injury and to compare its 
ability with the initial neurologic deficit as assessed by the 
ASIA motor score to predict the potential for recovery of 
neurologic function. Abnormalities of spinal cord echogenicity 
were detected in 28 of 29 patients with technically adequate 
studies. Most lesions in the acute or subacute period after 
trauma appeared as areas of well demarcated focally in- 
creased echogenicity. Montalvo et al. [3] have speculated 
that this increase in echogenicity in the early postinjury phase 
represents areas of contusion, edema, and hemorrhage. 
Since echogenicity is attributed to increased acoustic inter- 
faces, it seems reasonable to postulate that edema or micro- 
hemorrhages infiltrating layers of neural tissue may account 
for the echogenic appearance of these early spinal lesions 
[8]. In four patients areas of cyst formation within zones of 
increased echogenicity were detected by IOSS performed 15 
to 37 days (mean, 20.5 days) after injury. The appearance of 
cystic changes on IOSS may depend on how long after injury 
the study is performed. 

The initial motor level of neurologic deficit and the IOSS 
injury score were both predictive of the follow-up motor 
neurologic deficit in this group of patients as determined by 
regression analysis. Exact prediction of recovery of neurologic 
function after spinal trauma in a particular patient is complex 
and includes factors such as initial deficit (complete versus 
incomplete deficit), timing and completeness of spinal cord 
decompression, age, type and force of injury, other associ- 
ated injuries, initial hemodynamic stability, medical complica- 
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TABLE 2: Comparison of IOSS and MR Images of Spinal Cord Injury in 12 Patients 





eit = IOSS Findings MR Findings IOSS Versus MR 
1 46 Grade lil lesion at C8-C4 Focus of increased T2-weighted !OSS = MR 
disk level signal at C3-—C4 consistent 
with contusion 
2 33 Two grade illesions at Two foci of increased T2- IOSS = MR 
(Fig. 3) C4-C5 and mid-C5 weighted signal consistent 
with contusions at 04-05 
and mid-C5 
3 34 Grade Ill lesion at C3; Focal increased T2-weighted IOSS = MR 
(Fig. 6) large posterior osteo- signal at C3 consistent with 
phyte at C2-C3 contusion: large posterior os- 
teophyte at C2-C3 
4 52 Grade IV lesion; upper increased T2-weighted signal at lIOSS > MR for 
cervical cord atrophy: Ci consistent with contusion; cyst demon- 
echogenic area at C1 spinal stenosis at C1 Stration 
with adjacent small 
cystic area 
5 74 Grade Il lesion in central No cord lesion seen’ lOSS > MR for 
gray matter at C4-C5 cord lesion 
with C4~—C5 disk her- 
niation 
6 57 Grade Ill lesion at C3- Increased T2-weighted signal at IOSS = MR 
C4; spondaylitic C3-C4 consistent with contu- 
changes at C3-C4 sion 
and C4-C5 
7 68 Grade Il lesion at C4~ No cord lesions seen’; herniated IHOSS > MR for 
C5; grade Ill lesion at disks at C2-C3, C3-C4, and cord lesion; 
C3-C4; posterior os- C4-C5 IOSS < MR 
teophyte at C3-C4; for herniated 
herniated disk at C4- disks 
C5 
8 17 Grade | cord lesion; C4- C4-C5 subluxation; no cord le- !OSS > MR for 
C5 subluxation sion; laceration of PLL: occlu- cord lesion; 
sion of left vertebral artery IOSS < MR 
for injury to 
artery/PLL 
9 39 Grade Il lesion, central Focal increased T2-weighted lOSS = MR 
cord lesion; C4-C5 signal at C4—C5 consistent 
disk herniation with contusion; minimal disk 
herniation at C4-C5 
10 23 Grade IV lesion; echo- Focal increased T2-weighted IOSS > MR for 
(Fig. 1) genic cord with cystic signal at C3-C4 consistent cyst demon- 
area centrally at C3- with contusion stration 
C4 
11 52 Grade Ill lesion at C6: Herniated disk at C3-C4; focal lOSS > MR for 
cervical spondylosis increased signal at C6 con- cord lesion; 
sistent with contusion lOSS < MR 
for herniated 
disk 
12 57 Grade ll lesions at C3- Spinal stenosis at C3-C4 adja- | [OSS > MR for 
(Fig. 4) C4 and C4-C5; poste- cent to posterior osteophyte; cord lesions 





rior osteophytes at 
both levels; cord in- 
dented anteriorly at 
C3-C4 


no definite parenchymal 
lesions’ 


Note.—lOSS = intraoperative spinal sonography, PLL = posterior longitudinal ligament. 
! MR was suboptimal technically owing to excessive motion, 


of cord hematomas and/or early liquefaction necrosis of in- 
farcted neural tissue. Thus, lesions with this finding were 
classified with a higher injury severity score. The range of 
neurologic deficit both initially and at follow-up, as indicated 
by the ASIA motor score, varied widely within each injury 
grade. Although a statistically significant correlation between 
the IOSS injury grade and final ASIA motor score was dem- 


tions resulting from the injury, and the presence or absence 
of spinal cord atrophy [9-13]. 

The !OSS injury grading system for parenchymal spinal 
cord injuries devised and presented here was based on a 
semiquantitative measurement of volume of injury as imaged 
in two orthogonal image planes. Areas of cyst formation within 
the cord suggest a more serious injury, most likely breakdown 
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onstrated, this had a lower correlation significance than be- 
tween the initial and final ASIA motor deficits. Thus, |OSS did 
not increase the ability to predict the motor neurologic out- 
come in this limited series. 

lOSS is a highly sensitive technique to detect and confirm 
the presence or absence of spinal cord injury following 
trauma. The extent and character of sonographically detected 
cervical spinal cord lesions correlates with the extent of clinical 
neurologic motor deficit, but its knowledge adds little addi- 
tional predictive value for recovery of motor function. |OSS 
appears to be as sensitive, and in some cases more sensitive, 
as MR for detecting spinal cord injury, and it is particularly 
useful if the MR is suboptimal or cannot be performed. The 
restriction of spinal canal sonography to surgically managed 
patients and its relatively limited field of view are obvious 
limitations of the technique. However, if the surgical oppor- 
tunity presents itself, OSS is an easy method of acquiring 
intraoperative morphologic details of the spinal cord and its 
interrelationship with the spinal column. 


Appendix 


iOSS Grade and Initial ASIA Motor Score Versus Final ASIA Motor 
Score Regression Analysis 
a a a NE eae eae NC treet et 





Regression independent Signe Coefficient of 
Trial Variable p Determination (%) 
1 JOSS’ —14.9 20.0 
2 Initial ASIA? 0.683 51.8 
3 Initial ASIA and —2.69 52.3 
lOSS? 0.642 


a a EEE ET ea nn ee TTT ee mere ae 
Note.—Dependent variable = final ASIA score. 
"p< .05 
2 p< .001 
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Book Review 





Principles of Radiography for Technologists (text and instruction manual). By Perry Sprawis. Rockville, MD: 


Aspen, 357 pp., 1990. $39.95 


This book is directed to student technologists. Though many 
illustrations and passages appear in a companion text written by the 
same author and directed to physicians studying in a radiology 
residency program, the material is not organized in the same se- 
quence. However, the printing and figure reproductions are of the 
same quality. 

The material is divided into 24 chapters addressing 24 specific 
topics: (1) the radiograph, (2) radiographic equipment, (3) the X-ray 
beam, (4) radiation quantities and units, (5) electrical energy, (6) 
physical characteristics of matter, (7) X-ray production, (8) the X-ray 
generator, (9) interaction of X-radiation with matter, (10) X-ray pene- 
tration, (11) image formation and contrast, (12) scattered radiation 
and contrast, (13) grids, (14) the photographic process and film 
sensitivity. (15) fiim contrast characteristics, (16) film processing, (17) 
intensifying screens, (18) radiographic detail, (19) image noise, (20) 
radiographic density control, (21) fluoroscopy, (22) tube heating and 
cooling, (23) patient exposure and protection, and (24) personnel 
exposure and protection. 

Each chapter opens with explanatory statements or definitions of 
terms essential to the subject matter and a summary of the thrust of 
the presentation to be made in the body of the chapter. It then 
proceeds in a series of carefully headed subject subdivisions and 
concludes with a list of study activities designed to provide a different 
view of the chapter contents. 

The instructor's manual, which aims to support the teaching of the 
material in the textbook, is available to course instructors who order 
the textbook. The manual is divided into 24 lesson topics to match 
the text, and each is supported by a lesson overview, recommended 
testing aids, suggested demonstrations, study assignments, discus- 
sion outline, and objectives. 

The instructor is encouraged to use slides or overhead transpar- 
encies based on figures in the text. This suggested use has influenced 
the style of the figures, leading to good qualities for projection but a 


poster quality on the printed page. The text is lavishly illustrated, with 
133 figures at my count. Although one or two figures have an 
enigmatic quality when divorced from the text (e.g., Figs. 3-1 and 4- 
1), and | wonder why the technologist in Fig. 2-1 and 24-2 is as stark 
naked as all the radiographed subjects, the text has many remarkably 
illuminating diagrams, and agreement between the figure captions 
and the figure contents is good. 

The style of the text is easy to read, encourages active participation 
by the student, and in general carries the imprint of a skilled and 
experienced educator. The contents and presentation are intended 
to teach useful concepts rather than inculcate the elements of a craft. 
For this reason, the rudimentary description of fiim structure is 
appropriate, but the somewhat populist approach to the discussion 
of the International System of Units is out of keeping with this stated 
purpose. The index occupies 16 full pages and contains some 1200 
or more entries. The level of entries is good, but can never be enough. 
For example, under the entry Quality Assurance, the excellent sum- 
mary of quality-control activities in film processing on page 170 is not 
listed, whereas a more pedestrian statement of state-mandated 
inspection of X-ray equipment is. The text is suited to students who 
have progressed beyond the cookbook stage of their training and 
wish to understand the why’s and wherefore’s of what they do. A 
staff technologist or resident physician would find it useful as a 
general reference and review of principles. Its use in continuing 
education activities is somewhat limited by the lack of references or 
continued reading lists. | admire the way it is crafted, the quality of 
editing, and the consistency of the level at which, in general, the 
readers are addressed. It is an excellent text for its targeted audience 
and purpose. 


Peter Wootton 
University of Washington Medical Center 
Seattle, WA 98795 
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Technical Note 





Administration of *'I Capsule via Nasogastric Tube in an 
Uncooperative Patient with Graves Disease 


Patricia A. Lowry,' Janice W. Semenkovich,' Larry D. Scott,? Otto F. Zeck,? Ashok Desai,? and Victor R. Lavis? 


lodine-131 therapy is an effective, predictable, and relatively 
inexpensive form of therapy for Graves disease [1, 2]. Radia- 
tion safety measures during oral administration of radioiodine, 
however, require reasonable cooperation by the patient. We 
report a technique by which "I can be safely and easily 
administered to a patient unable to swallow an oral dose in 
the usual capsule or solution form. 


Case Report 


A 42-year-old mentally retarded woman with Down syndrome 
presented with thyrotoxicosis. After restoration of the euthyroid state 
with a course of propylthiouracil, the referring physician sent the 
patient for uptake, scanning, and radioiodine therapy. The 24-hr 
radioiodine uptake was 69%. A “"Tc-pertechnetate scan showed 
increased trapping throughout the gland, with some irregularity of 
contour, but no discrete hot or cold nodules. A therapeutic dose of 6 
mCi (222 MBq) of '*'! was calculated for treatment of Graves disease 
on the basis of an approximate gland size of 35-40 g. 

The patient required full-time care by her mother, who related that 
the only successful method of administration for the propylthiouracil 
was to mix the medication with pudding or applesauce. The patient 
was unable to swallow pills. During the administration of the uptake 
dose, she sipped the solution slowly and held it in her mouth for a 
prolonged period before swallowing. It was thought that the risk of 
coughing, spitting, or refusal to swallow a therapeutic dose of '°"I 
solution was too great. Because the patient was observed to be 
uncooperative at times (including some combativeness during the 
scanning itself), mixing the solution with semisolid food was also 
deemed unreliable. '°"l solution for IV use could not be obtained. 
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Administration of solution through a nasogastric tube was felt to risk 
an unacceptably high exposure to '*'| by personnel, because spillage 
or emesis at the time of tube removal could not be reliably prevented. 

A suitable alternative was designed by using an empty gelatin 
capsule of the size used by the nuclear pharmacy for "| doses. The 
capsule consists of an inner, small capsule (USP #1} to contain the 
radioiodine and a larger (USP #0) outer capsule (Lilly, Indianapolis, 
IN). A 34-French gastric tube contained in an Edlich Gastric Lavage 
Kit (Monoject, St. Louis, MO) was determined to be large enough to 
allow passage of the capsule through the lumen. The distal end of 
the tube (including all side holes) was cut off, and the cut edge was 
smoothed. A capsule was prepared by packing the inner capsule 
with 0.5-1 g of disodium phosphate, into which the radioiodine was 
subsequently injected with a tuberculin syringe. Powdered barium 
was inserted in the space between the inner and outer capsule (Fig. 
1). The patient was sedated and appropriately monitored in the 
gastroenterology laboratory while the tube was passed into the 
Stomach and its position confirmed with fluoroscopy. The capsule 
was then removed from the shielded container, placed in the proximal 
end of the tube and flushed into the stomach with water under 
fluoroscopic observation. The tube was removed before the capsule 
dissoived. The nasogastric tube and the room were surveyed after 
the procedure and found to be free of radioactive contarnination. The 
patient was observed until full consciousness was regained and then 
discharged under the supervision of her mother. 


Discussion 


Radioiodine therapy is occasionally necessary for patients 
who are unable to cooperate with ordinary radiation safety 


' Department of Radiology, University of Texas Health Science Center, 6431 Fannin, Houston, TX 77030. Address reprint requests to P. A. Lowry (2.132 MSB). 
* Department of internal Medicine, University of Texas Health Science Center, 6431 Fannin, Houston, TX 77030. 
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Fig. 1.—Radiograph of cap- 
sule shows barium in space be- 
tween inner and outer capsule, 
making capsule easily visible 
fluoroscopically. 





precautions usually observed when administering '*'l in so- 
lution form. The problem may at times be circumvented by 
the use of '°"l in capsule form, eliminating much of the risk of 
contamination. In patients such as ours, however, neither 
liquid nor capsule form was a feasible mode of therapy. Similar 
situations may theoretically occur in mentally retarded individ- 
uals, psychiatric patients, or persons with swallowing difficulty 
or severe neurologic impairment. Our method ensures the 
safe, quick deposition of the dose into the stomach when 
cooperation of the patient cannot be reliably anticipated. 
Sedation, if necessary, is required only briefly to insert the 
nasogastric tube and deposit the capsule. 

The use of a capsule for nasogastric administration of 
radioiodine reduces the potential hazards of radioiodine so- 
lution. The capsule is assembled behind a leaded glass shield 
to protect the nuclear pharmacist during preparation. During 
administration, the capsule can be more easily handled than 
solution, without danger of spillage. According to the manu- 
facturer’s specifications, the gelatin capsules dissolve in 0.5% 
hydrochloric acid solution, simulating acidic gastric contents, 
within 3-5 min. This allows deposition of the capsule and 


AJR:155, September 1990 


prompt tube removal without contamination, thus avoiding 
possible radioactive contamination of the room and personnel. 
The possibility of emesis during tube removal cannot be 
entirely eliminated. Should this occur, an intact capsule could 
be easily retrieved, whereas emesis or spillage of solution 
that was not encapsulated would necessitate strict contain- 
ment and decontamination procedures, exposing radiation 
safety personnel to increased gamma radiation and volatile 
radioiodine. According to the ALARA concept, occupational 
exposure to radiation should be kept “as low as reasonably 
achievable”; our technique provides a relatively simple means 
of treating a difficult patient while minimizing the potential 
radiation risk to those administering the dose. 

The usual hygiene precautions for radiation safety during 
the days after therapy are certainly more difficult to follow in 
this type of patient. Compliance can be achieved, however, if 
reliable family members or other caretakers are available and 
willing to follow the recommended guidelines [3]. In this case, 
the family was instructed on the usual precautions and ad- 
vised to be particularly conscientious about urinary contami- 
nation. Despite the difficulties of compliance inherent in the 
treatment of a severely impaired patient, the ease of radioio- 
dine therapy may be preferable to the risks of surgery. The 
described technique is intended to minimize difficulty and risk 
of radioactive contamination when this form of therapy is 
selected. 
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Perspective 





The Hidden Costs of Delayed Access to Diagnostic 
Imaging Information: Impact on PACS Implementation 


William H. Straub’! and David Gur 


The increasing reliance of physicians on diagnostic imaging 
information for the treatment of their patients is reflected in 
the steady growth of imaging studies over the years. In larger 
hospitals and medical care systems, the complexity inherent 
in storing, retrieving, and reporting diagnostic information as 
reports or images has become increasingly problematic. Pic- 
ture archiving and communications systems (PACS) have 
offered the promise, yet unrealized, of more efficiently man- 
aging this complex and increasingly large information base. 
The implementation of PACS has largely been stalled, how- 
ever, by lack of a clear demonstration of the cost-effective- 
ness of such systems when compared with conventional film 
archiving and communications systems. Traditional cost 
analysis has compared the cost of implementing PACS with 
the direct, or actual, costs of the typical film-based archival 
system (file room). Thus, the results of cost-effectiveness 
Studies that assess the impact of PACS on the radiology 
department are somewhat controversial and demonstrate 
marginal impact at best [1-3]. Although mentioned in a cur- 
sory way, what has largely been ignored is the substantial 
indirect or “hidden” costs to the health care system that may 
result from inefficiencies inherent in traditional film archival 
systems [3, 4]. 

Direct (actual) costs such as film, space, personnel, and so 
on are measurable. Indirect (hidden) costs of patient care that 
result from delayed access to diagnostic imaging information 
because of an inefficient archival system, however, may be 
difficult to quantify. In the work described here, we surveyed 
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the medical staff (clinician users served by the radiology 
department) of an academic health center that currently has 
a film archival system in place. An attempt was made to 
evaluate and rationalize in broad terms the concept and 
magnitude of indirect system costs (outside of radiology) 
associated with access to diagnostic imaging information as 
perceived by the clinician users served by the radiology 
department. 


Materials and Methods 
Direct (Actual) Costs of the Film Archival System 


Direct costs represent the actual costs of film, chemicals, 
personnel, and space of operating a film-based archival sys- 
tem (file room). In our 550-bed university hospital, which 
performs 135,000 examinations per year (January 1, 1988, 
through December 30, 1988), and with overhead calculated 
at 60% of direct costs, the total direct cost was $1,824,000 
(Table 1). This represented approximately 15% of the total 
operating budget of the department. 


indirect (Hidden) Costs (Estimated) of the Film Archival 
System 


indirect costs were defined as the costs of increased length 
of patients’ hospital stay, duplication of examinations, and 
decreased efficiency of physician practices that potentially 
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TABLE 1: Direct Costs of the Film-Based Archival System at 
Presbyterian-University Hospital 


TT Te 


Type of Cost Amount 
Space $ 42,000 
Personnel 330,000 
Fiim/folders/chemicals 768,000 
Overhead? 684,000 
Total $71,824,000 


een 
Note. —Costs are for 135,000 examinations per year and an average of 3.9 
films per examination. 
a Calculated at 60% other direct costs. 


result from lack of timely access to diagnostic images or 
imaging consultative reports. 

The indirect costs associated with delayed access to di- 
agnostic imaging information were initially assessed by means 
of a survey of 200 major users of the radiology department 
(medical staff of the departments of medicine, general sur- 
gery, neurosurgery, and orthopedic surgery). They were 
asked to estimate the impact of delayed access to diagnostic 
imaging information on the length of their patients’ hospital 
stay, need for duplication of examinations, and efficiency of 
their own practices. As these physicians make the decisions 
regarding the length of patients’ hospital stay and the need 
to repeat examinations, it was believed that their input would 
provide valuable, although not empirical, evidence of the 
general importance and magnitude of the indirect costs of the 
system. From the results of this survey, we extrapolated what 
the potential indirect impact (cost) of PACS on radiology users 
would be, assuming a reasonable range of changes in hospital 
stays and practice efficiency. We were then able to derive 
estimates that permitted a cost-impact analysis resulting from 
increases in systems’ efficiencies. 


Results 


Table 2 summarizes the resuits of the survey. The response 
rate ranged from 53% to 64% for the seven questions asked. 

Eighty-five percent believed that rapid access (within hours) 
to diagnostic images was essential or very important, with a 
similar percentage viewing access to the formal report as 
being essential or very important. Notably, 66% believed 
access to images was essential, whereas only 33% believed 
that access to the formal report was essential. Seventy-four 
percent of respondents thought that examinations had to be 
repeated frequently (14%) or occasionally (60%) because of 
inability to access the original study. 

Length of hospital stay was thought to be prolonged over 
20% by 16 of 110 respondents; 50 of 110 believed that length 
of stay was increased by 10-20% owing to delayed access 
to films. (The average length of stay in our hospital in 1988 
was 9.7 days.) Although 80% of our respondents indicated 
that delayed access to images has either major or some 
impact on the quality of care, currently we cannot quantita- 
tively assess such impact in terms of cost. 

Eighty-two percent of physician respondents believed that 
delayed access to diagnostic films frequently (30%) or occa- 


AJR:155, September 1990 


TABLE 2: Survey of Users in the Departments of Medicine, 
Surgery, Orthopedics, and Neurosurgery on the Ramifications of 
Film Retrieval Systems 











Q 
Question/Response ( 7 i en 
1. How important to your practice is rapid ac- 
cess (within hours) to your patients’ 
films (images)? 
Essential 84 (66) 
Very important 25 (19) 
Moderately important 19 (15) 
Not important 0 
Total 128 (64) 


ren i NET 


2. How important to your practice is rapid ac- 
cess to the radiologist’s formal report? 
Essential 39 (33) 


Very important 46 (39) 
Moderately important 29 (25) 
Not important 3 (3) 


Total 117 (59) 


sult in duplication (repeated) or unneces- 
sary studies? 


Frequently 15 (14) 
Occasionally 63 (60) 
Rarely 28 (26) 
Total 106 (53) 
4. Does delayed access to films result in an 
increased length of stay for your pa- 
tients? 
Frequently (>20%) 16 (15) 
Occasionally (10-20%) 50 (45) 
Rarely (<10%) 44 (40) 
Total 110 (55) 
5. Does delayed access to films have any im- 
pact on the quality of care you deliver? 
Major impact 28 (25) 
Some impact 62 (55) 
Minimal impact 22 (20) 
Total 112 (56) 
6. Does lack of or delayed access to films cost 
you and your staff money in terms of 
decreased efficiency? 
Frequently 31 (30) 
Occasionally 55 (52) 
Rarely 19 (18) 
Total 105 (53) 
7. Please estimate (quantify) as a percentage 
of your total practice cost the degree of 
increased cost to your practice owing to 
delayed access to radiologic image infor- 
mation. 
Mean % 15 
Range 5-30 


eel 


sionally (52%) cost them money through decreased practice 
efficiency. The range of increased cost to their practice was 
estimated at 5-30% (mean, 15%) (Table 2, question 7). 
Table 3 outlines the monetary implications of the survey 
data for the parameters of examination duplications, in- 
creased length of stay, and practice inefficiency costs that 
result from delayed access to diagnostic imaging information. 
Values of 1%, 3%, and 5% were used as “impact factors,” 
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TABLE 3: Indirect (Hidden) System Costs (in Thousands of Dollars) of a Current Conventional Film Archival System 





Type of Indirect Cost 





Amount (x1000) by Impact Factor Eu p 
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Repeated examination cost (repeat rate x $1 00/examination x 135,000 


examinations/year) 
Length-of-stay cost (impact factor x 174,000 patient days/year x 
$1238/patient day) 


Physician practice cost (impact factor x no. of physicians affected @ 


$300,000 per full-time physician/year) 
Total 


1 firi 3% 5% 
$ 135 $ 405 $ 675 
2.154 6.462 10,770 
600 1,800 3,000 
$2,889 $8667 $14.445 


Note.—impact factor = percentage of costs of repeat examinations, hospital length of stay, and physician practice expenses attributable to delayed access to 
diagnostic imaging information. Note that we assumed 200 physicians to be potentially affected in our system. 


representing a reasonable range of indirect costs to the 
system that could be attributed to the lack of timely access 
to diagnostic imaging information. For example, if only 3% of 
examinations needed to be repeated because of the inability 
to access results of the prior examination, then an additional 
cost of $405,000 would be realized, assuming an average 
examination cost of only $100. Assuming an increased length 
of stay of only 3%, such indirect cost would be $6,462,000 
per year. Increased physician practice costs would account 
for an additional $1,800,000, assuming a 3% inefficiency 
factor. Note that this inefficiency factor is much lower than 
the mean survey value of 15% (Table 2, question 7). 

Table 4 summarizes the total cost of a conventional film- 
based archival system to hospital medical practice—totaling 
some $4,713,000—assuming only a 1% impact for length of 
Stay, examination repeats, and physician practice costs. Only 
$1,824,000 (39%) of the total cost represents the direct 
(actual) costs of operating the film-based archival system. In 
this scenario, the costs of operating the file room are largely 
fixed, whereas the indirect costs to the system vary, depend- 
ing on the degree of efficiency (or inefficiency) of the archiva! 
system. If one assumes a 5% impact for these parameters, 
the total cost soars to $16,269,000, of which only 11% 
represents the direct costs of operating the current system. 

Although no cost was assigned to the quality of care, the 
survey (Table 2, question 5) indicated that 25% of the re- 
sponding staff believed that delayed access to films had a 
major impact on quality of care and 55% believed it had some 
impact. 


Discussion 


Our results clearly demonstrate that the perceived potential 
impact of increased efficiency and reliability of any archival 
system on radiology users’ practices and on treatment of 
patients, as determined by the need for repeated examina- 
tions and potential increases in patients’ length of stay, is 
significant. 

PACS has been presented as being potentially the most 
efficient means of archiving diagnostic images. The rationale 
for this optimism has been based largely on the belief that 
these systems will provide a less costly storage and more 
efficient retrieval system than the conventional film library. In 
addition to the cost savings and ease of retrieval offered by 


TABLE 4: Total Annual Costs (in Thousands of Dollars) of a 
Film Archival System 


LANL eT e NIA ES i STRIPS HU 
Amount (x 1000) by impact 





Type of Cost aes ee a 
1% 3%, 5% 
indirect system costs 
(from Table 3) $2,889 $8 667 $14 4456 
Direct film archival costs 
(from Table 1) 1,824 1.824 1,824 
Total $4,713 $10,491 $16,269 
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Note.—impact factor = percentage of costs of repeated examinations. 
hospital length of stay, and physician practice expenses attributable to delayed 
access to diagnostic imaging information. 


PACS, it is generally believed that the ability to review images 
in more than one location (even simultaneously) will improve 
diagnostic efficiency and decentralize the consultative pro- 
cess. Despite the considerable research and development 
investment and the enthusiasm for PACS technology among 
some radiologists, the implementation of PACS in the United 
States has been slow. The major barriers to investment in 
PACS have been twofoid: present cost/benefit concerns and 
the nagging belief that diagnostic accuracy attainable with 
current soft display systems inherent to PACS may not be 
comparable to that attainable with conventional film. Diagnos- 
tic accuracy concerns are being addressed by researchers at 
our institution and elsewhere [5]. Cost/benefit concerns are 
the topic of this discussion. 

Stockburger [6] has determined that for a department that 
performs 100,000 examinations per year, an optical disk 
archival system has a highly favorable net present value cost 
saving of $284,000 over 7 years when compared with a 
conventional film library. Despite this kind of comparison, the 
investment in cost-saving technology has taken a back seat 
to revenue-generating technology such as CT scanning, with 
which the net present value may be several millions of dollars 
over a comparable 7-year period. The prudent administrator 
is more likely to invest in the technology with the greatest net 
present value in a “bottom-line”—oriented organization. 

While the perception exists that significant indirect cost 
Savings may result from increased efficiency through the use 
of PACS, this is extremely difficult to prove. Such savings 
presumably would result from more timely access to diagnos- 
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tic images and reports, permitting more timely decisions on 
patient treatment, a perception supported by preliminary stud- 
ies with PACS in the intensive-care environment [7]. The 
resultant increased efficiency in medical practice through 
more timely decision making and treatment followed by de- 
creases in length of hospital stay would substantially decrease 
costs, which would be particularly attractive in a prospective 
payment environment. If our survey provides any indication 
of the importance of this topic, and if PACS were only mod- 
erately more efficient (e.g., 10%) than an existing film archiving 
system, PACS should provide indirect savings of approxi- 
mately $646,000 per year in our hospital's length-of-stay 
indirect costs (assuming 3% impact factor), or a present value 
of $2,817,000 over 7 years at a 7% discount rate. “Present 
value” is the value today of a future payment (or savings) or 
stream of payments discounted at the appropriate discount 
rate [8]. If savings in repeated examinations and physician 
practice costs were also realized through a moderately more 
efficient system (10%), then the annual savings would be 
$866,700 for a present value of $3,778,000 over 7 years. 

Despite the potential savings to the health care system that 
PACS might provide through improved practice efficiencies, 
no experimental data are currently available on which to base 
any kind of estimates. The ideal study would be an empirical, 
controlled one that compares the length of stay of hospitalized 
patients managed by physicians using conventional access 
to diagnostic images and reports with the length of stay of 
patients managed by a system supported by PACS. Such 
studies, while sorely needed, are difficult to perform in an 
objective manner. 

Estimates from the survey of our clinical staff (who make 
the decisions determining length of stay and who have sub- 
stantial practice costs that are dependent, to some extent, 
on access to diagnostic information) suggest that major sav- 
ings to the health care system may lie in indirect (hidden) 
costs associated with timely access to diagnostic images and 
reports. Further studies are needed to quantify more defini- 
tively these indirect costs to patient care that result from 
imperfect film archival and communication systems. Only then 
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can the potential impact of digital PACS on total costs be 
appreciated, and only then might the financial justification for 
PACS implementation be rationalized. It should be empha- 
sized that although we discuss here the potential impact of 
improvements in timely access to radiologic imaging infor- 
mation through the implementation of PACS, the realization 
of the magnitude of such indirect costs might spur hospital 
administrations to devote more efforts to upgrading the qual- 
ity and level of conventional file room services through which 
a significant portion of the savings we have discussed could 
be realized. Given the current focus on cost-containment 
dictated by prospective payment and capitation payment 
mechanisms, further research is clearly needed into the po- 
tential gains in medical practice efficiency outside of radiology 
that may accrue from PACS technology. 
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Computerized Literature Reference System: Use of an 
Optical Scanner and Optical Character Recognition 


Software 
Steven V. Lossef' and Lawrence H. Schwartz? 


A computerized reference system for radiology journal articles 
was developed by using an IBM-compatible personal computer 
with a hand-held optical scanner and optical character recognition 
software. This allows direct entry of scanned text from printed 
material into word processing or data-base files. Additionally, line 
diagrams and photographs of radiographs can be incorporated 
into these files. A text search and retrieval software program 
enables rapid searching for keywords in scanned documents. 
The hand scanner and software programs are commercially avail- 
able, relatively inexpensive, and easily used. This permits con- 
struction of a personalized radiology literature file of readily 
accessible text and images requiring minimal typing or keystroke 
entry. 


Materials and Methods 


Hardware consisted of an IBM-compatible 80386SX personal com- 
puter with 1 megabyte of random access memory (RAM), a 1.2- 
megabyte floppy disk drive, 40 megabytes of hard disk drive, a serial 
mouse, a Video Graphics Array (VGA) card, and an 800 x 600 VGA 
monochrome monitor. 

A GeniScan GS-4500 hand-held optical scanner (KYE International 
Corp., Chino, CA) with resolution of 100-400 dots per inch (dpi), a 
32-gray-shade scale, and a 4.13-in. (105 mm) maximum scanning 
width was used. An interface card is inserted into an 8-bit expansion 
slot on the motherboard of the computer. The scanner fits in the palm 
of the hand and has three small rollers that allow it to be smoothly 
drawn across the text or image at a speed of 1-2 cm/sec. A contrast 
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control dial is present on the scanner device. Excellent character 
recognition was achieved with the 300-dpi setting. A 12-in. (30.5 cm) 
Square sheet of Ys-in. (3.2 mm) transparent plastic is useful to flatten 
the document to be scanned, and a straight edge fastened along one 
side ensures a straight scanning path (Fig. 1). With a minimal amount 
of practice with scanning rates and contrast settings, accurate 
Scanned images can be obtained (Fig. 2). 

Scanned text is entered into an optical character recognition 
software program, in this case, the CAT Reader Software Program 
(Computer Aided Technology, Inc., Dallas, TX). The program is menu- 
driven and can easily be trained to recognize all of the characters of 
a given typeface or font. 

The ScanEdit II program, which is included with the GeniScan GS- 
4500 hand scanner, permits scanning of line drawings and gray-scale 
images. These may be directly incorporated as graphics into word 
processor files. Scanned line drawings are of excellent quality. The 
quality of gray-scale images may be improved by using the CAT 
Image Enhancer program (Computer Aided Technology, Inc., Dallas, 
TX). Storage of a scanned image uses approximately 6-32 kilobytes 
of memory. Simple text files, of course, use much less memory (1-7 
kilobytes). 

WordPerfect 5.0 (WordPerfect Corp., Orem, UT) was used as a 
word processing software program. It is compatible with the CAT 
optical character recognition system, ScanEdit, and CAT Image En- 
hance programs. Macro programs can be written to simplify retrieval 
of scanned images and text generated by the optical character 
recognition program. An extremely useful macro program was de- 
vised that automatically removes unwanted hyphenations and 
spaces; it has been included in the appendix of this article. 
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Fig. 1.—Hand-held scanner being drawn across an abstract of a pub- 
lished article. 


GOfer 2.0 (Microlytics, Inc., Pittsford, NY) is a text-retrieval soft- 
ware program used to rapidly search for and highlight selected 
keywords in stored data files on hard disk. Boolean AND, OR, and 
NOT functions facilitate rapid and precise literature searches. 

Currently many manufacturers produce similar scanners and soft- 
ware programs that are compatible with various computer models 
and configurations. The list prices of the GeniScan GS-4500 hand 
scanner, CAT Reader OCR program, CAT Image Enhancer program, 
and GOfer are $279, $295, $99, and $79, respectively, but retail 
discounts of 25-35% are commonly offered. Flatbed or desktop 
scanners also are available. 


Discussion 


Many radiologists keep files of pertinent medical journal 
articles for reference. Information in large collections of 
clipped articles often is difficult to access and may be buried 
in multiple folders bearing broad categories of articles. Key- 
words submitted by authors form the basis of most literature 
searches, but these are not necessarily specific enough to 
allow rapid retrieval of a particular fact or phrase in an article. 
A computerized literature storage and retrieval system that 
uses a relatively inexpensive hand scanner and readily avail- 
able software programs was therefore developed by using a 
personal computer. 
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Curved Guide Wire for Percutaneous Pulmonary Angiography 


Blaine E. Kozak, MD Josef Rosch, MD 
Radilogy 1988; 167:864-865 


A curved, tapered, solid-core, movable J guide wire was developed 
for use in percutaneous transfemoral pulmonary angiography. The 
guide wire was used in 30 patients and, compared with other 
techniques, greatly reduced the time required to pass the catheter 
through the right side of the heart. No complications occurred, 
and only occasional premature ventricular contractions were 
detected. 








Fig. 2.—Example of a typical converted page of text with a scanned 
image. 


Several steps must be completed in order to create this 
literature system. First, the article must be optically scanned. 
Entry of articles by optical scanning alone would save a page 
of text as a graphics image, pixel by pixel. However, this 
would require inordinate amounts of memory, would not 
permit editing of text, and would not facilitate searching for 
keywords. By converting scanned images of printed text to 
word processor files, data storage requirements are signifi- 
cantly diminished, and text editing and search is made pos- 
sible. Optical character recognition performs this conversion. 

Optical character recognition software is used because it 
enables rapid entry of articles with a minimum amount of 
typing. Each scanned letter, number, and character may be 
thought of as a map of tiny black and white pixels. The optical 
character recognition program can recognize each character- 
istic grouping of pixels and assign an appropriate ASCII 
(American Standard Code for Information Interchange) code, 
which can then be directly entered into a word processing 
program for editing and storage. Images also can be scanned 
and directly incorporated into computerized files. Finally a text 
search and retrieval program facilitates rapid and complete 
searches for phrases in documents stored on the hard disk. 

The second feature of this system is the ease with which 
line drawings and photographic images can be incorporated 
into files. The quality of scanned line drawings has been 
excellent. The quality of scanned photographs resembles that 
of a photocopy of the original, but information content usually 
is preserved. 

A convenient system of annotating text files is assignment 
of a unique file code to each scanned journal article consisting 
of the initials of the journal, the volume number followed by a 
hyphen, and the number of the first page of the article. For 
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example, the article Radiology 1988:167:864-865 would be 
assigned the WordPerfect file code R167-864 so that it could 
be recognized and retrieved. 

Although the system we describe uses a word processor 
program for editing and storage of files, free-form data-base 
programs, such as AskSam 4.2 (AskSam Systems, Perry, FL) 
could store and retrieve text and graphics. 

The text search program GOfer has proved to be a thor- 
ough and indispensabie tool for retrieving articles containing 
keywords or phrases from word processor files. 

The personalized nature of this system allows scanning 
and storage of relevant portions of the results, discussion, 
and materials and methods sections of articles, in addition to 
the abstracts, as they are perused, for future ready retrieval. 
This makes it different from on-line bibliographic files such as 
MEDLINE, in which only abstracts are available for on-line 
viewing [1]. The MEDLINE system is complementary, how- 
ever, because our system is limited to only those articles 
personally stored, whereas MEDLINE is a complete index 
containing over 4 million references. 

Computerized reference management systems have been 
described before [2-4], but these have been limited to manual 
typographic entry of specific items such as title, author, 
volume, year, page, and keyword(s) into data-base programs, 
such as dBase. Such files are limited in both content and 
accessible keywords, and images cannot be directly entered. 

In conclusion, we present a relatively inexpensive system 
for entry and retrieval of printed articles requiring minimal 
typing. This has potential use for teaching and academic 
research. 
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Appendix 


A useful macro program <Alt E> written for WordPerfect 5.0 was 
written to retrieve a text file (t-txt) automatically from the optical 
character recognition program into WordPerfect 5.0, search for and 
remove unnecessary hyphens and spaces, and activate the spelling 
correction program. It can be modified for other word processor 
programs. We include it because it saves a great deal of editing time. 


<Ctrl-F10> <Alt-D> <Enter> <Alt-F2> <n> <Snace> 
<Space> <F2> <Space> <F2> <Home> <Home> 
<f> <Alt-F2> <n> <Shift-Enter> <Fe> <F2> 
<Home> <Home> <f> <Ctr-F10> <Ctri-F 10> <Ait- 
E> <Enter> <Shift-10> <c:\ocer\tixt> <Enter> 
<Esc> <15> <Alt-D> <Alt-F2> <n> <Home> <~> 
<Space> <F2> <F2> <Home> <Home> <f> 
<Alt-F2> <n> <.> <Space> <F2> <.> <Space> 
<Space> <F2> <Ctr-F2> <3> <Fi> <Space> 
<Ctrl-F 10> 
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Definition of Terms Used to Judge the Efficacy of 
Diagnostic Tests: A Graphic Approach 


Jan Brismar' and Bo Jacobsson 


An ideal diagnostic test should clearly separate normal 
persons from those affected by a disease (Fig. 1A). This 
happens rarely, however. Usually, considerable overlap exists 
between the test values for normal and diseased persons 
(Fig. 1B). Thus, the test not only yields true-positive (TP) and 
true-negative (TN), but also false-positive (FP) and false- 
negative (FN) results. The relative numbers of these outcomes 
determine the diagnostic value of a test. They are usually 
presented as ratios or indexes such as sensitivity and speci- 
ficity (introduced by Yerushalmy [1] in 1947 for assessment 
of radiologic methods), or positive predictive value and neg- 
ative predictive value. Whereas the first two of these indexes 
are characteristics of the test itself and independent of the 
prevalence of the disease in the examined population, the 
latter two indexes were established to estimate the outcome 
of a test in a population and are dependent on the prevalence 
of the disease. These four indexes are widely accepted, and 
have been the subject of many excellent and highly readable 
articles [2-5]. Nonetheless, they are often misused in medical 
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journals [6, 7]. The practicing clinician is often unaware of 
their exact meaning and of their relation to decision threshold 
and disease prevalence. Their mathematic definitions, though 
uncomplicated, are often obscured by a mathematic/logic 
symbolism. 

The concepts behind the bayesian algebra and the different 
indexes, are, however, well suited to a simple graphic pres- 
entation, as shown in Figure 2, originally suggested by Wein- 
Stein and Feinberg [8] in 1980. In this diagram the x axis 
represents the relative normality-abnormality of a test result. 
The curve below the x axis shows the distribution of test 
results in the normal population, the curve above the x axis 
the distribution among those affected by the disease studied. 
The vertical axis denotes the decision threshold, or the cutoff 
point the diagnostician chooses for separating positive from 
negative test results. The four areas bounded by the axes 
and the upper and lower curves, in the clockwise direction. 
denote the numbers of TP, FP, TN, and FN results. 

The four indexes initially mentioned—sensitivity, specificity, 
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Fig. 1.—A, An ideal test separates subjects with disease (above x axis) from those without disease (below x axis). 
B, In real life, there is usually a considerable overlap in test values between normal and diseased subjects. 
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Fig. 2.—Diagram defining different terms used when describing and 
comparing diagnostic tests. Hatched area above x axis represents those 
affected by disease, area below x axis those not affected. Decision 
threshold represents cutoff point chosen to separate normal from abnormal 
test results. The four areas within curves and bounded by axes denote 
true-positive (TP), false-positive (FP), true-negative (TN), and false-nega- 
tive (FN) tests, respectively. 
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Fig. 3.—A, Sensitivity is ratio between true-positive (TP) number (cross- 
hatching) and total number of diseased (TP + false negative [FN]) (entire 
hatched area). 

B, Specificity is quotient between true-negative (TN) number (cross- 
hatching) and total number of not diseased (TN + false positive [FP]) 
(entire hatched area). 

C, Positive predictive value denotes TP number (crosshatching) as 
fraction of all test positives (TP + FP) (entire hatched area). 

D, Negative predictive value denotes TN number (crosshatching) as a 
fraction of all test negatives (TN + FN) (entire hatched area). 

E, Accuracy is defined as quotient between all correct test results 
(TP + TN) (crosshatching) and total number of tests performed (TP + TN + 
FP + FN) (entire hatched area). 
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Fig. 4.—Effects of transferring a diagnostic test from a hospital popu- 
lation to a screening population with a dramatically decreased prevalence, 
(true positive [TP] + false negative [FN])/(TP + FN + true negative [TN] + 
false positive [FP]), of the disease. Although the sensitivity and specificity 
remain the same as in Fig. 2, the positive and negative predictive values 
are markedly changed. 


and positive and negative predictive values—are all easily 
appreciated from the diagram. Sensitivity only concerns those 
affected by the disease (those above the x axis) and denotes 
which fraction of the diseased persons are identified by the 
test, TP/(TP + FN) (Fig. 3A). Specificity is valid only for those 
not affected by the disease (those below the x axis), and 
gives the fraction of normal subjects classified as normal by 
the test, TN/(TN + FP) (Fig. 3B). Positive predictive value 
handles the data to the right of the decision axis and defines 
the fraction of the test positives that are truly positive, TP/ 
(TP + FP) (Fig. 3C). Similarly the negative predictive value 
denotes the probability of no disease when the test is normal, 
TN/(TN + FN) (Fig. 3D). Accuracy has been coined to describe 
the fraction of correct results obtained, (TP + TN)/(TP + 
FP + TN + FN) (Fig. 3E). However, this composite index has 
several serious drawbacks and should be avoided [3, 4]. 

The diagram also may be used to demonstrate the effect 
of prevalence of disease on the four different indexes, or the 
effects of transferring a test from being used in a hospital 
population to being applied in a screening situation (Fig. 4). In 
this example the sensitivity and specificity remain the same 
as in Figure 2; the positive and negative predictive values, 
however, have both changed markedly. 

The effects of a shift of the decision threshold, by using 
another radiologist with different attitude or experience, for 
example, are illustrated in Figure 5. In this example the new 
radiologist uses less stringent criteria to diagnose abnormal- 
ity, which means that the decision threshold is shifted to the 
left. This shift alters all four numbers and all four indexes. The 
sensitivity increases (fewer FNs), and the specificity de- 
creases (more FPs). The interdependence of these two in- 
dexes (one decreases when the other increases as the deci- 
sion threshold is moved) is often described by means of 
receiver-operating-characteristic (ROC) curves, a topic that is 
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Fig. 5.—Shift of decision axis (previous position indicated by thin broken 
line) alters all four indexes. FN = false negative, TP = true positive, TN = 
true negative, FP = false positive. 


beyond the scope of this article. For further information the 
reader is referred to an excellent review by Metz [9]. 

The positive and negative predictive values are dependent 
on the selected decision threshold in a more complex way. 
The shift to a lower threshold in Figure 5 increases the 
numbers of both TP and FP results (and decreases the 
numbers of both TNs and FNs). Whether the positive and 
negative predictive values decrease or increase depends on 
the actual shapes of the two curves. 


Conclusions 


The indexes of sensitivity, specificity, and predictive values 
are important when comparing different tests and for esti- 
mating their usefulness in a given population. We illustrate 
these indexes with a graphic approach that may improve the 
conceptual understanding of these terms. 
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Memorial 





Earl E. Barth, 1901-1990 





Earl E. Barth, the 63rd president of the 
American Roentgen Ray Society (ARRS) and 
a major figure in radiology in the 1950s and 
1960s, died at the age of 88 on February 11, 
1990, after a prolonged illness. Dr. Barth was 
born May 1, 1901, in Olivet, SD. He received 
a bachelor of arts degree in 1922 from North 
Central College in Naperville, IL, which sub- 
sequently honored him by bestowing an hon- 
orary doctor of science degree on him in 
1968. He received an M.D. degree from 
Northwestern University Medical School in 
1928, and he spent essentially his entire 
professional life at Northwestern. The excep- 
tions were an internship at Ancker Hospital 
in St. Paul, MN, and a tour of duty in the U. 
S. Navy during World War II. 

Dr. Barth received his training in radiology 
during a fellowship from 1931 to 1934 at the 
Montgomery Ward Clinics of Northwestern 


University Medical School, under the direc- 
tion of James T. Case, a noted radiologist of 
the time. Dr. Barth was certified by the Amer- 
ican Board of Radiology (ABR) in 1934. He 
was director of Northwestern University Med- 
ical Clinics from 1936 to 1972. He served on 
the staffs of Passavant and Chicago Wesley 
Memorial hospitals, including a term as direc- 
tor of radiology at the latter institution from 
1946 to 1950. These two institutions merged 
in 1972 to form Northwestern Memorial Hos- 
pital. His initial faculty appointment at North- 
western University was at the rank of fellow 
in 1932, and he progressed through the 
ranks to receive a professorship in 1953. He 
served as chairman of the Department of 
Radiology at Northwestern from 1957 to 
1969. 

Dr. Barth is remembered by the faculty, 
the physicians, and the staffs of the hospitals 
in which he served as a marvelous radiologist 
and was admired for his wisdom and sound 
judgment. His counsel was widely sought. 
He is best remembered outside Northwest- 
ern University Medical School for his service 
to organized radiology. He was a counselor 
of the Radiologic Society of North America 
from 1948 to 1955, president of the ARRS 
in 1962, and president of the American Col- 
lege of Radiology (ACR) in 1960-1961. He 
also served in international organizations. He 
was chairman of the U. S. National Delegation 
for the International Congresses of Radiology 
in 1962, 1965, 1969, and 1973 and during 
this period served as a member of the exec- 
utive committee of the International Con- 
gress of Radiology and a member of the 
council of the International Society of Radiol- 
ogy. In 1973, he received the gold medal of 
the International Congress of Radiology. 


He also served as a member of the resi- 
dency review committee for Radiology from 
1956 to 1960, and as a trustee of the ABR 
from 1959 to 1965. As would be expected 
for someone with a curriculum vitae of this 
nature, he received many honors and 
awards. He was an honorary member of the 
Italian Society of Radiology and of the Nippon 
Radiological Society. He received the Silver 
Tray Award and the Distinguished Service 
Award from the Chicago Radiological Society 
and the Grubbe Gold Medal from the Chicago 
Medical Society. The ACR awarded him a 
gold medal in 1962. 

What is given here is just the simple cold 
facts of an outstanding professional life. They 
do not indicate the depth of the admiration 
and respect he received not only at his home 
base of Northwestern University Medical 
School but also across the country from all 
his colleagues who were privileged to serve 
in various organizations with him. He was 
known by all of his close friends as Uncle 
Earl, which characterized the respect with 
which he was regarded. He was always de- 
scribed as a true gentleman—kind, consid- 
erate, a good listener, and a wise counselor. 
He always received the strength and support 
of his lovely wife, Ellie. They were a marvel- 
Ous couple. 

Dr. Barth's was a good life. He received 
many honors and tributes, and they were 
richly deserved. We who knew him were 
privileged. He leaves fond memories and 
good works behind. Our chosen field of ra- 
diology could use some more Dr. Barths. 


Lee F. Rogers 
Chicago, IL 60611 
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Perspective 





Is Earlier Diagnosis Really Better? The Misleading Effects 
of Lead Time and Length Biases 


William C. Black’ and Alexander Ling 


Advances in diagnostic testing that increase the detect- 
ability of disease can distort our perception of disease and its 
response to medical intervention through the mechanisms of 
lead time and length biases [1-3]. Lead time bias pertains to 
comparisons that do not account for the progression of 
disease over time, while /ength bias pertains to comparisons 
that do not account for the variability of disease progression. 
Because of these biases, we may erroneously attribute clinical 
benefit to a new test that permits earlier diagnosis or a new 
treatment that coincidentally accompanies earlier diagnosis 
when these interventions provide no benefit to patients or 
actually harm them. These biases are especially relevant to 
preclinical disease, detected either incidentally or by deliberate 
screening. Unlike other forms of bias in the assessment of 
radiologic technology, lead time and length biases are not 
readily corrected by feedback in the clinical or research envi- 
ronment. Consequently, the initial appearance of benefit can 
initiate a vicious cycle of increasingly aggressive testing and 
treatment that strays far from any scientific basis. 

Lead time and length biases have received little attention 
in the radiologic literature outside the narrow context of mass 
screening (€.g., mammography). However, these biases also 
pertain to the numerous daily decisions we must make re- 
garding the performance and interpretation of radiologic tests 
in individual patients. This article explains how lead time and 
length biases are created and propagated by advances in 
radiologic technology and how we can unburden ourselves of 
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these biases by viewing disease from its proper, dynamic 
perspective. 


Theory 


To understand lead time and length biases, we must first 
recognize that diseases are dynamic processes, not static 
entities. Consider the course of a hypothetical disease proc- 
ess, disease X, where X refers to a particular histologic 
appearance—the conventional gold standard (Fig. 1). Disease 
X steadily increases in size or anatomic extent with time. (For 
simplicity, we model progression in time as a linear process, 
although lead time and length biases also pertain to nonlinear 
rates of progression.) Disease X crosses the clinical threshold 
at time C when it is sufficient in size to cause signs or 
symptoms in the patient. The course disease X follows from 
time zero to C is often referred to as the total preclinical 
phase [2]. Disease X reaches the death threshold at time D. 
Therefore, when detected clinically, disease X is associated 
with a survival of D minus C years. 


Lead Time Bias 


Suppose a new test can first detect disease X at some 
time T during the total preclinical phase (Fig. 1). The time 
interval between T and C is the detectable preclinical phase 
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Fig. 1.—Lead time bias. Disease X enlarges and crosses the test, 
clinical, and death thresholds at times T, C, and D, respectively. Random 
testing of asymptomatic patients detects disease X during detectable 
preclinical phase (DPCP). Survival measured from time of diagnosis (DX) 
is prolonged in tested patients by lead time. 
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Fig. 2.—Length bias. Disease X progresses rapidly (Xo) in some patients 
and slowly (X) in others. Random testing of asymptomatic patients detects 
diseases X, and X, in proportion to detectable preclinical phases (DPCPs), 
DPCP, and DPCP.. 


(DPCP) of disease X [2]. If testing detects disease X during 
DPCP but provides no actual benefit (i.e., treatment begun 
during DPCP is no more effective than treatment begun at 
C), survival measured from the time of diagnosis is increased 
by the lead time of testing, and death occurs at the same 
age. Lead time is a function of the frequency of testing and 
the duration of DPCP. Continuous testing begun before T 
would provide a lead time equal to DPCP. A random one-shot 
screen would provide an average lead time equal to one-half 
DPCP. 


Length Bias 


Suppose disease X can progress in size or anatomic extent 
rapidly, aS Xo, or slowly, as X, (Fig. 2). Disease Xo Causes 
death before the patient would die from other causes, while 
disease X, remains clinically occult throughout the patient's 
normal life span. Without testing, only disease Xo is recog- 
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nized clinically. Therefore, clinically detected disease X is 
equated with disease Xo and associated with a 0% cure rate. 
However, if the new test is used to screen asymptomatic 
patients or diagnose diseases unrelated to disease X, then 
testing detects diseases Xo and X, in proportion to the length 
of their respective DPCPs (assuming equal incidences of 
diseases Xo and X;). Therefore, in an unadjusted comparison 
of patients with disease X detected clinically vs by the test, 
the test appears to increase the cure rate percentage for 
disease X from 0 to DPCP, divided by DPCP, plus DPCP;. 


Example 


Suppose disease X can progress at three different rates 
beginning at age 45 (Fig. 3). Disease Xo progresses twice as 
rapidly as disease X,;, which progresses twice as rapidly as 
disease X2. Patients with disease Xo die from their disease at 
age 65, whereas patients with diseases X, and X2 die from 
other causes at age 75, never having been affected by their 
milder forms of disease X. 

Before testing is available, disease X is associated with a 
0% cure rate and survival from time of diagnosis of 5 years. 
Suppose test 1, which can detect disease X in its preclinical 
state above a certain size threshold, becomes available. 
Patients with disease X incidentally detected by test 1 would 
have disease Xə and X, in the proportion of 1:2 
(DPCP,:DPCP;). Even if no effective treatment for disease Xo 
existed, test 1 would appear to improve the cure rate of 
disease X to 67%. In addition, test 1 would appear to prolong 
survival because of the average lead time of 2.5 years for 
patients with disease Xo. 

Suppose the improved prognosis for disease X is erro- 
neously attributed to early detection by test 1. Radiologists 
might be encouraged to lower the positivity criterion or some- 
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a e oe eT T URIE EA 
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Fig. 3.—Example. Disease X progresses at three different rates as Xo, 
X,, and X2. Regardless of treatment, disease X, causes death at age 65. 
Diseases X, and X, have no clinical effect on patients who die at age 75 
from other causes. Test 1 detects diseases X, and X; in the proportion of 
1:2 (detectable preclinical phase 0 [DPCP] and DPCP, equal 5 and 10 
years, respectively). Test 2 detects diseases Xo, X;, and X2 in the proportion 
of 1:2:1 (DPCP,, DPCP,, and DPCP, equal 10, 20, and 10 years, respec- 
tively). 
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how refine the testing technique such that the detection 
threshold would be further lowered to that of test 2 (Fig. 3). 
A deliberate screening of the asymptomatic population would 
detect diseases Xo, X;, and X2 in the proportion of 1:2:1 
(DPCP,:DPCP,:DPCP.). Therefore, test 2 would appear to 
further improve the cure rate of disease X to 75%. In addition, 
test 2 would appear to further prolong survival because of 
the average lead time of 5.0 years for disease Xp patients. If 
enough milder forms of disease X existed, continual improve- 
ments in testing could permit the apparent cure rate to 
approach 100%, even if treatment remained totally ineffective. 


Age, Detection Threshold, and Rate of Progression 


The expected rate of progression of any disease process 
is related to its size and the patient's age at detection (Fig. 
4). More precisely, the minimum rate of progression (averaged 
over the duration of the process) is equal to the detection 
size divided by the maximum duration of the process before 
detection (i.e., patient’s age at detection minus the earliest 
age of onset). For example, consider the effects of detection 
size and patient age on the growth rate of tumor with a 
particular histologic appearance whose earliest onset is 30 
years. If this tumor was detected as a 5-cm mass in a 
symptomatic 35-year-old patient, then its minimum growth 
rate would be 10 mm/year. However, if this tumor was 
detected by CT as a 2-cm asymptomatic mass, then its 
minimum growth rate would be 4 mm/year. Finally, if the 
patient was 50 years old when the tumor was detected by 
CT, then the minimum growth rate would be 1 mm/year. 
Because of these constraints, the expected rate of progres- 
sion decreases as the detection threshold is lowered and as 
the patient's age increases. 


Apparent, Real, and Spurious Effects 


From the perspective of the referring clinician and radiolo- 
gist, each new technique or modification of interpretation 


cm 
10 mm/yr 
5 
4 
3 
> 4 mm/yr 1 mm/yr 
1 
30 35 40 45 50 


YEARS 


Fig. 4.—Relationship between size (cm) of tumor and patient age at 
detection and minimum rate of progression. 
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criteria that lowers the detection threshold is associated with 
an apparent effect on the outcome of diseased patients equal 
to the real effect plus the spurious improvement produced by 
lead time and length biases: 


Apparent effect = real effect + spurious improvement. 


Therefore, even when the new testing method is actually 
detrimental to the tested population on the whole (which 
includes patients who are treated over a longer period than 
they would have been previously as well as patients who are 
treated for disease that would not have been previously 
diagnosed), the new method appears to be beneficial if the 
Spurious improvement is greater than the magnitude of the 
detrimental change. 

When a new treatment coincidentally accompanies a new 
test, the real effect of both is equal to the real effect of the 
new treatment, plus the real effect of earlier diagnosis af- 
forded by the new test. When the new test is not taken into 
account, the apparent effect of the treatment change is 
greater than its real effect by the sum of the spurious improve- 
ment plus the real effect of earlier diagnosis. When this latter 
component is positive, that is, when earlier but not necessarily 
new treatment is more effective, the advantage of the new 
treatment is overestimated by two components. Conse- 
quently, coincidental advances in imaging can strongly bias 
the selection of new treatments. 


Clinical Evidence 


For lead time and length biases to be operational in the 
Clinical setting, there must be a reservoir of clinically occult 
disease. Furthermore, this reservoir should appear to expand 
with advances in imaging that lower the detection threshold. 
What is the evidence that this expanding reservoir exists? 


Breast Cancer 


Before the use of mammography, breast cancer was usu- 
ally diagnosed by palpation [4]. The vast majority of these 
palpable neoplams were invasive carcinomas, whose natural 
history is almost always fatal. Ductal carcinoma in situ (DCIS) 
constituted only 1-5% of breast cancers (Table 1) [4]. How- 
ever, the proportion of breast cancers that are small and 
nonpalpable has increased with the refinements and increas- 
ing application of screening mammography. DCIS constituted 
8% of mammographically detected breast cancers reported 
in 1981 [5] and 25-30% reported in 1988 [6]. Furthermore, 
DCIS constituted 40-50% of breast cancers detected as 


TABLE 1: Detection Threshold and Percentage of Breast 
Cancers Attributed to Carcinoma in Situ 





Threshold % 
Palpable [4] 1-5 
Mammogram, 1981 [5] 8 
Mammogram, 1988 [6] 25-30 
Microcalcifications only [6] 40-50 
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TABLE 2: Age of Patient and Percentage of Breast Tumors with 
Short and Long Doubling Times 
| es Ge Seen Ata AEE eee EE SS Se SS a ee 


Doubling Time of Primary 


Age of a 

patient Tumor (%) 

(years) <2 months >8 months 
0-29 67 0 

30-49 49 19 

50-69 34 21 

70+ 30 30 
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microcalcifications without an associated mass in the later 
report. The natural history of DCIS is not precisely known 
because, until recently, it was assumed to inevitably progress 
to invasive cancer, and nearly all patients had mastectomies. 
However, more recent evidence suggests that only 25-50% 
of untreated patients with DCIS develop invasive cancer [7- 
9]. Furthermore, because DCIS is often multifocal and bilateral 
[7-9], an even smaller percentage of individual DCIS lesions 
progress to invasive cancer. 

A strong relationship between growth rate and patient age 
at diagnosis is also seen with breast cancer. Kusama et al. 
[10] observed that rapidly growing tumors, that is, those with 
doubling times of less than 2 months, constituted 67% of 
tumors in patients under 30 years and only 30% of tumors in 
patients over 70 years (Table 2). On the other hand, slowly 
growing tumors, that is, those with doubling times of greater 
than 8 months, were not seen in patients under 30 years, but 
constituted 30% of the tumors in patients over 70 years. 

Lead time and length biases may largely explain the dis- 
crepancy between the improving relative 5-year survival rate 
for breast cancer (from 63% to 75% over the period 1960- 
1984) [11] and the worsening age-adjusted mortality rate 
over the same period [12]. Moskowitz [13] has argued that 
younger patients should be screened by mammography more 
frequently than older patients because the former have more 
rapidly growing tumors and longer life expectancies. Unfor- 
tunately, mammography is less accurate in younger patients. 


Renal Cancer 


There is considerable confusion over the distinction be- 
tween renal cell carcinoma and renal adenoma. In fact, the 
two are generally regarded as indistinguishable by any “gross, 
histologic, histochemical, immunologic, or ultrastructural fea- 
tures ... if the information on tumor size is not available” 
[14]. The prevalence of these tumors in patients without a 
premortem suspicion of renal cell carcinoma depends on how 
closely the kidneys are examined after death. At routine 
autopsy, where the threshold size by macroscopic inspection 
is about 2 cm, the prevalence of these renal tumors is about 
1-2% [15, 16]. Two-thirds of the afflicted patients appear to 
have died “with rather than from” [16] their tumors. When 
kidneys are examined by serial 2- to 3-mm sectioning, the 
prevalence of these tumors exceeds 22% [17]. This contrasts 
sharply with recently reported age-specific prevalence rates 
of kidney cancer, which are only 0.03-0.06% in the general 
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population and 0.3% in males over 70 years of age [18], the 
most commonly afflicted group. Furthermore, less than 0.5% 
of all deaths in the United States in 1986 were attributable to 
kidney cancer [19] (8987 deaths from cancer of the kidney 
and renal pelvis divided by 2,105,361 total deaths). Given the 
approximate 50% cure rate [11], only about 1% of the pop- 
ulation develop potentially lethal renal cell carcinoma. How- 
ever, if the detection threshold of radiologic imaging were to 
fall to that of serial sectioning and if histology were to remain 
the gold standard for diagnosis, then 22% of the screened 
population could be said to have pathologically proved renal 
cell carcinoma! 


Prostatic Cancer 


In a recent study of male patients undergoing radical cys- 
tectomy for bladder cancer, 61% of those 60-74 years old 
with a normal rectal examination had histologic evidence of 
prostatic cancer [19]. Eighteen percent of patients in this age 
group had high-grade (Gleason score greater than or equal 
to 6) prostatic cancer, making them candidates for definitive 
treatment (radical prostatectomy). However, only 3.2% of all 
deaths in men over 60 years of age were attributed to 
prostatic cancer in the United States in 1986 [20] (26,237 
deaths from prostatic cancer divided by 811,963 total deaths). 
In other words, of asymptomatic males between the ages of 
60 and 74 years, only about one in six with histologic evidence 
of high-grade prostatic cancer (one in 20 with any grade) will 
die from their disease. Furthermore, this favorable prognosis 
cannot be attributed to recent improvements in diagnosis and 
treatment because the age-specific mortality rate of prostatic 
cancer has not changed since 1950 [12]. 


Cancer Overall 


Although it is commonly believed that modern imaging and 
innovative treatments have significantly increased cure rates 
and prolonged survival times associated with most forms of 
cancer, the age-adjusted mortality rate (the most reliable 
index of progress) of cancer overall actually increased 8.7% 
in the United States from 1962 to 1982 [12]. 


Nonneoplastic Disease 


Other diseases, including infectious and inflammatory con- 
ditions, atherosclerosis, and various degenerative processes 
of aging, also vary in their rates and patterns of progression 
according to individual host and environmental factors. Con- 
sequently, advances in imaging are also exposing a deep 
reservoir of subclinical nonneoplastic diseases whose natural 
history is more favorable than traditionally believed. 

For example, the incidence of small (<5 cm in diameter) 
abdominal aortic aneurysms increased more than 10-fold 
between 1951-1960 and 1971-1980 among residents in the 
Mayo Clinic area after the introduction of sonography [21]. 
Small aneurysms constituted only 16% of all abdominal aortic 
aneurysms in the earlier period, but 41% in the latter period. 
A more recent study demonstrated a 0% risk of rupture over 
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5 years for aneurysms smaller than 5 cm (130 patients) vs 
25% for aneurysms larger than 5 cm (46 patients) [22]. In 
addition, the diameters of the small aneurysms increased at 
a much slower rate (0.21 cm per year) than what had been 
previously reported as typical of abdominal aortic aneurysms 
(0.4-0.5 cm per year). 


Comment 


Lead time and length biases operate insidiously by changing 
the meaning of disease labels and defeating the primary 
purpose of diagnosis: to efficiently link our observations of 
the patient to appropriate treatment, which may entail a trial 
of observation rather than immediate intervention. For ex- 
ample, although the dictionary definition of “cancer” is a 
“tumor the natural course of which is fatal” [23], the term is 
applied increasingly to small, incidentally detected neoplasms 
whose natural course is usually more favorable, such as 
carcinoma in situ of the breast [7-9]. 

Our perception of how radiologic tests affect patient care 
is influenced by several forms of bias [1-3, 24, 25]. Those 
biases that are usually associated with the assessment of 
accuracy (where pathology is the gold standard) can produce 
large errors, but these errors generally can be corrected in 
the ordinary practice of medicine. For instance, if a radiologist 
initially overestimates a test's accuracy, then subsequent 
feedback from pathologists and clinicians regarding false- 
positive and false-negative cases can correct the error. In 
contrast, lead time and length biases are self-propagating 
because their very existence strongly discourages the one 
response that could check their influence, a trial of observa- 
tion without intervention. Consequently, the radiologist, clini- 
cian, pathologist, and patient may all be deceived by the 
illusion of therapeutic gain, which initiates a vicious cycle 
that is often reinforced by economic, legal, and academic 
pressures. 

Each incremental lowering of the detection threshold in- 
creases the chances that treatment will benefit patients with 
Clinically significant disease, but at the cost of increasing the 
proportion of diagnosed patients who have clinically insignifi- 
cant disease. Furthermore, with each lowering of the thresh- 
old, radiologists are increasingly distracted from findings that 
deserve intervention or aggressive investigation by more and 
more of those that do not. 

This is not to say that imaging advances themselves are 
detrimental. To the contrary, modern imaging is generally 
noninvasive and directly responsible for only a small fraction 
of total medical costs. In addition, advances can be used to 
increase our understanding of the variable natural history of 
disease and to widen the window of opportunity during which 
decisions regarding intervention can be made. Therefore, the 
best solution is not necessarily for clinicians to stop requesting 
imaging tests or for radiologists to stop scrutinizing images. 
Instead, radiologists and clinicians should be aware of lead 
time and length biases when they make two interrelated sets 
of decisions: (1) whom, how, and when to test and (2) what 
to do with the results from tests that are performed. 
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In regard to the first set, new radiologic techniques should 
not be accepted into routine practice solely on the appearance 
of improving cure rates, survival times, or other measures 
that are not adjusted for the anatomic extent and rate of 
disease progression. These variables are not well controlled 
in historical comparisons precisely because of improvements 
in imaging. In addition, testing should not be advocated 
without specific criteria for interpretation, which provide the 
vital link between test and treatment. 

In regard to the second set, lead time and length biases 
are most relevant to the management of patients with inci- 
dental findings. The disease X that is discovered incidentally 
by anew test does not necessarily require the same treatment 
that has been established for the more familiar disease X that 
presents with clinical signs and symptoms or that is detect- 
able with an older, less sensitive test. The former disease X 
is farther from the clinical threshold and, in general, progress- 
ing at a slower rate than the latter. Autopsy [7, 26] and 
actuarial [27] data on disease prevalence can be used to 
roughly estimate the probability that the incidental disease X 
would, if untreated, ever cross the clinical or death threshold. 

For example, suppose thyroid sonography on an asymp- 
tomatic middle-aged patient demonstrates a 6-mm hypoech- 
oic nodule with the histologic appearance of papillary carci- 
noma. It is known that occult carcinomas of such size are 
found in about 4% of middle-aged adults at autopsy [28, 29]. 
Additionally, less than 0.08% of all deaths past middle age 
are attributed to thyroid cancer [19]. Thus, the probability that 
this particular lesion would kill the patient if the sonogram is 
ignored is less than one in 50 (0.08/4). 

The value of the wait-and-see approach should-be appre- 
ciated more fully. Although it is often argued that definitive 
diagnosis of a radiologic finding requires pathologic “proof,” 
a trial of observation frequently provides more relevant infor- 
mation, especially when the outcome is favorable. This knowl- 
edge can be more readily applied to future patients with 
similar radiologic findings and surrounding circumstances 
than can histologic appearance, which often only serves to 
reinforce previous misconceptions about the appropriateness 
of treatment. 

A wait-and-see approach is especially appropriate for the 
management of elderly patients—the fastest growing seg- 
ment of the United States population—for two reasons. First, 
for any given anatomic extent of disease, the expected rate 
of disease progression decreases as the patient’s age in- 
creases. Second, for any given anatomic extent and rate of 
progression, the amount of time during which the disease 
process could cross the clinical threshold decreases with the 
patient's age. 

One implication of lead time and length biases is that much 
time is needed to determine the impact of new radiologic 
techniques on patient outcome. Shortcuts that do not account 
for the variable, dynamic nature of disease will lead medicine 
far astray. Such is the problem with assessments of diagnos- 
tic technology that rely too heavily on the histopathologic gold 
standard. Perhaps the advice of Pericles, who ruled during 
the Golden Age of Greece, still applies today: “Wait for that 
wisest of all counselors, Time.” 
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American Roentgen Ray Society: 90th Annual Meeting, 


May 1990 


The 90th annual meeting of the American Roentgen Ray 
Society was held May 13-18, 1990, at the Sheraton Wash- 
ington Hotel, Washington, DC. Approximately 200 scientific 
presentations, 60 instructional courses, and a large selection 
of scientific and technical exhibits were available to the 2812 
attendees. The topic of this year’s categorical course was 
cardiovascular and interventional radiology, and the Friday 
morning symposium was on musculoskeletal imaging. 

This review of the 1990 ARRS meeting is intended to 
provide readers with a short summary of most of the scientific 
papers presented at the meeting. Unfortunately, page limita- 
tions do not allow coverage of all presentations or an analysis 
of them. 


Cardiopulmonary Imaging 


The scientific program on thoracic radiology dealt with 
imaging techniques for evaluating thoracic neoplasm, trauma, 
and interstitial pulmonary disease and observations on pul- 
monary complications of AIDS, single lung transplantation, 
and the management of advanced neoplasm. In a study of 35 
AIDS patients with “pure” Pneumocystis carinii pneumonia, 
A. Constantin and colleagues of Montreal, Canada, demon- 
Strated that adjuvant steroids had an advantageous short- 
term benefit in 15 patients compared with 20 others receiving 
only antibiotics. Lung opacities cleared more quickly (2.4 vs 
8.5 days), mechanical ventilation was less frequently neces- 


Sary (26% vs 45%), and immediate mortality was reduced 
(13% vs 40%). However, at 6 months, the relapse rate of 
patients treated with steroids was greater. Steroids appear 
to be a way to reduce medical costs and enhance the quality 
of life for patients with this fatal disease. Further similar trials 
seem warranted. 

Interleukin-2 is an adjuvant treatment for advanced neo- 
plasm but has an unusual pulmonary complication—interstitial 
edema. Richard R. Saxon and colleagues from San Francisco 
Studied 54 patients, 80% of whom promptly, usually within 4 
days, developed diffuse or focal lung opacities after receiving 
interleukin-2. The majority (76%) had interstitial edema and 
48% had pleural effusions. Focal and diffuse air-space disease 
in others was considered an extension of interstitial edema. 
These abnormalities cleared rapidly with cessation of the drug 
treatment. Interleukin-2 also causes renal injury, but in these 
patients neither renal failure nor fluid retention appeared 
responsible for the pulmonary edema. Apparently, interleukin- 
2 has a direct and reversible effect on capillary membrane 
permeability in the lung. 

Diffuse alveolar hemorrhage is another complication of the 
management of advanced neoplasm. R. W. Witte and col- 
leagues from Omaha, NE, described 39 bone marrow trans- 
plantation patients seen in a 5-year period in whom bleeding 
developed, proved at bronchial lavage, in the first few weeks 
after transplantation (average, 12 days). This highly fatal 
(80%) complication was more common in older patients with 
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solid tumors and was positively correlated with renal insuffi- 
ciency and the recovery of WBC production. Two patterns 
were seen: abrupt development of diffuse consolidation (66% 
of patients) with a high mortality rate (92%) and a reticular 
interstitial pattern with a lower mortality rate (57%). Pulmo- 
nary hemorrhage has been described as an infrequent event 
in bone marrow transplantation patients. Whether it is more 
frequent in Omaha seems worthy of investigation. Its patho- 
genesis is unknown. 

Refinements in differentiation of benign from malignant 
pulmonary nodules were described in two reports. S. J. 
Swensen and colleagues from Rochester, MN, evaluated the 
CT reference phantom that was originally conceived by Dr. 
Zerhouni at Johns Hopkins and is widely used elsewhere. 
The reference nodules in the phantom have a nominal density 
of 185 H, but this appears to be too low to ensure that all 
nodules with density in excess of 185 H are benign. Dr. 
Swensen found five malignant tumors among 70 nodules 
classified as benign by phantom comparison. This is signifi- 
cantly higher than the percentage found in a multicenter study 
of the phantom reported in 1986 by Dr. Zerhouni, in which 
the density of phantom nodules was 264 H. To lessen erro- 
neous identification of nodules as benign, denser phantom 
nodules are required, but with the realization that even more 
nodules uncertain for malignancy may result. 

Some nodules suggestive of neoplasm may be identified 
as malignant with thin-section CT. K. Kuriyama and coworkers 
from Osaka, Japan, retrospectively studied 33 small (5-30 
mm) peripheral lung cancers, 28 of which were adenocarci- 
nomas, with preoperative thin-section CT images, using an 
additional 33 benign nodules as a control group. An air 
bronchogram was observed in 17 of the malignant and one 
of the benign nodules. The surgical specimens were inflated, 
fixed, and transversely sectioned to allow histologic correla- 
tion, which generally confirmed the CT identification of air- 
filled bronchi. These were more frequent in moderately and 
well-differentiated adenocarcinomas than in other types of 
cancer. 

CT also has an adjunctive use in examining patients for the 
possibility of vascular injury after blunt chest trauma. Patrice 
Richardson and colleagues from Baltimore, MD, used con- 
ventional unenhanced CT in 84 trauma patients in whom 
chest radiographs were equivocal with regard to mediastinal 
bleeding. Others with definite mediastinal bleeding went on 
to have angiography, and those not suspected of bleeding 
were not studied further. In the 84 patients, CT was negative 
for hemorrhage in 59, and nothing further was done. Six 
patients had equivocal CT scans and subsequent negative 
results on angiography. Nineteen had CT scans interpreted 
as showing mediastinal bleeding or aortic abnormality. Of 16 
angiograms in these patients, 12 were negative, and four 
were positive for major arterial injury. These results indicate 
that major arterial injury is of low frequency, approximately 
5%, in trauma patients with equivocal radiographs, and of 
greater frequency, approximately 25%, when CT suggests 
mediastinal bleeding. Because CT is often feasible in trauma 
patients and is noninvasive, it can help identify those patients 
with equivocal chest radiographs in whom angiography will 
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show a higher yield of arterial injuries than when resorting to 
angiography without CT. 


Mammography 


A new method of mammographic processor control, in 
which a stepwedge is flashed on the mammographic film after 
radiographic exposure of the patient and before film process- 
ing, was described by S. A. Feig of Philadelphia. The step- 
wedge is then placed alongside a hand-held reference film so 
that differences in optical density value can be visually deter- 
mined. In a field trial of the system, each of six radiologists 
was able to distinguish differences in density of less than 0.1 
unit, which is the recommended limit for daily processor 
fluctuation. The system can be used to monitor processor 
performance throughout the day. It can be used with both 
dedicated and nondedicated processors. It could be used in 
an accreditation program in conjunction with mammographic 
phantom scores and to assess the clinical significance of 
processor performance in determining acceptable variability 
in density and contrast. 

A paper on radiologist performance in mammography 
screening, presented by S. H. Ominsky, was based on mam- 
mographic interpretations and biopsy results among 28,000 
screening studies performed during a 5-year period. Fewer 
abnormal interpretations, fewer biopsy recommendations, 
and increased detection of early cancer resulted as individual 
radiologists gained experience or if more experienced radiol- 
ogists were compared with less experienced ones. Although 
specificity of mammography also increased when prior films 
were available for comparison, the effect of radiologists’ 
screening experience persisted even when interpretations of 
initial screening examinations alone were considered. The 
frequency of abnormal interpretations by radiologists ranged 
from 6% to 15% on initial examinations and 2% to 8% on 
subsequent examinations. The percentage of biopsies diag- 
nosed as cancer ranged from 25% to 43%, and the percent- 
age of radiologists’ interpretations resulting in detection of 
grade 0 or 1 cancers ranged from 4% to 10%. 

Concern over an excessive number of false-positive mam- 
mograms leading to unnecessary biopsies was addressed in 
a paper by L. W. Bassett and colleagues that was based on 
studies performed at UCLA Medical Center, Los Angeles, CA. 
Among 140 biopsies of palpable abnormalities, 46 (33%) 
yielded primary breast lesions compared with 71 (32%) of 
219 biopsies of nonpalpable abnormalities. Nonpalpable le- 
sions were smaller on average (2.1 cm) when compared with 
palpable lesions (3.6 cm). Only five (7%) of 71 nonpalpable 
lesions were found to have involved axillary nodes and none 
had distant metastases, compared with 15 (33%) of 46 pal- 
pable lesions that were found to have involved nodes and/or 
distant metastases. The authors concluded that true-positive 
biopsy rates were not significantly different for nonpalpable 
and palpable lesions, and that mammographically detected 
lesions represent substantially earlier lesions. 

It is well known that mammography performed after lump- 
ectomy and radiation therapy may show findings that mimic 
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recurrent tumor, leading to unnecessary surgery. A study 
presented by H. S. Teixidor from New York indicated that it 
is beneficial to obtain a baseline mammogram after surgery 
and before radiotherapy. When a spiculated or a nonspicu- 
lated mass or clustered indeterminate calcifications are due 
to benign processes, they will remain stable or decrease on 
subsequent studies. 

D. Ikeda and colleagues (Ann Arbor, Ml) found that 100 
interval carcinomas (those appearing between mammo- 
graphic screenings) were detected during their 10-year 
screening trial, in which women averaged 21 months between 
screenings. Retrospective review of the original screening 
mammogram showed 10 missed tumors (observer error), 64 
negative studies (true interval carcinomas), and 21 mammo- 
grams with subtle, indirect signs of malignacy (unrecognized 
sign). Compared with cancers detected at screening, interval 
cancers grow more rapidly (41% of 66 had doubling times of 
less than 100 days). Interval carcinomas contained a greater 
proportion of medullary, mucinous, and comedo types and a 
lower proportion of tubular types. They also had a mortality 
rate 2.3 times higher than cancers detected at screening. 


Gastrointestinal Radiology 


W. J. Miller (Pittsburgh, PA) presented findings that in liver 
transplantation the recipient and donor common bile ducts 
may, for no apparent reason, almost double in size. This 
finding is not considered significant. The benign character of 
the dilatation was corroborated by the insignificant increase 
in pressure within the duct after dilatation. Dr. Miller stated 
that this finding may be due to changes in autonomic control 
of the common bile duct. Although the cause of the dilatation 
is still unknown, laxity and dysfunction of the sphincter of 
Oddi and neurologic control of the distal duct were cited as 
possible causes. 

K. Itoh and colleagues, in a paper presented by S. Saini of 
Boston, found that characteristic signal patterns in various 
liver lesions correlate with the size of the lesion and the lesion- 
to-liver signal intensity. A significant number of masses were 
examined (n = 92). The most important finding presented 
was the decrease in signal intensity of the lesion-to-liver ratio 
with the decrease in lesion size. The audience was advised 
to take this into account when evaluating metastases vs 
hemangiomas. Dr. Hamm (Berlin, W. Germany), who pre- 
sented a paper on MR imaging of benign and malignant liver 
tumors, offered his agreement with Dr. Saini’s findings for 
small hemangiomas. 

A paper describing the use of chemical-shift imaging with 
water and fat separation to analyze the degree of fatty 
infiltration of the liver was presented by F. Greensite of 
Orange, CA. Correlation with fat analysis by a pathologist 
blinded to the MR findings showed close correlation with the 
calculated findings. Calculated T2 analysis of the spin-echo 
images were not useful in identifying the degree of fat infiltra- 
tion. In addition, results were found that T2* decay had only 
a small effect on calculated fat fraction. 

A. Shirkhoda and colleagues (Royal Oak, MI) analyzed 
patients with focal nodular hyperplasia by using CT and 
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sonography. Findings indicated that these nodules may mimic 
hemangioma and metastasis, and no specific abnormalities, 
including central scar, assisted in making an absolute diag- 
nosis. Decreased attenuation on nonenhanced CT scans and 
increased echogenicity, although consistent with focal nodular 
hyperplasia, could not be clearly differentiated from metasta- 
sis or hemangioma, and biopsies were recommended. 

With the spread of AIDS in this country, we may see an 
increasing number of patients with intestinal tuberculosis. Priti 
Shah and Ravi Ramakantan of Bombay, India, found that 
angiographic findings of intestinal tuberculosis range from 
hypervascularity with evidence of arteriovenous shunting to 
occlusive changes in the major vessels from both extrinsic 
and intrinsic intraluminal narrowing due to tuberculous in- 
volvement. The occlusive changes result in zones of hypo- 
vascularity in the bowel and mesentery of the angiograms. 
Clinical presentation varies similarly, from acute, large volume 
intestinal hemorhage to bowel obstruction caused by inflam- 
matory ischemic structures. The angiographic findings corre- 
spond to these clinical presentations. Tuberculosis should be 
considered in suitable clinical circumstances. 

An interesting collection of 18 cases of clinically diagnosed 
diverticulitis associated with tiny intramural diverticula was 
presented by G. G. Ghahremani from Evanston, IL. Seven 
patients had resection; thus, an anatomic specimen was 
available. Dr. Ghahremani and colleagues found that radio- 
logic changes of extramucosal disease (persistent narrowing, 
spasm, and localized tenderness) can take place from in- 
flamed, small, intramural diverticula without evidence of extra- 
colonic perforation. This inflammation may resolve completely 
with antibiotic therapy, but may be an explanation for rather 
profound radiologic findings on barium enema and CT. 

A report by Robert Fulbright and Jeanne W. Baer of New 
York concerned 63 patients with constricting lesions in the 
colon who had both colonoscopy and barium enema. Endo- 
scopic obstruction was encountered in all 63 patients, result- 
ing in failure to examine the colon proximal to the obstruction. 
Of these, only 20 were found to be obstructed on barium 
enema. No lesion that blocked the flow of barium allowed 
passage of the endoscope. Endoscopy failed to find four of 
46 carcinomas proximal to the obstruction and identified a 
Suspicious area in one case in which biopsy showed only 
inflammation. The overall sensitivity for all lesions in this group 
of patients was 86% for barium enema and 91% for endos- 
copy. The authors advocate proctoscopy plus barium enema 
as the initial examination in suspected colonic disease. 


Genitourinary Radiology 


W. Way and colleagues of St. Louis, MO, reported the 
varied MR appearance of benign prostatic hypertrophy (BPH) 
with a 17-in.-diameter Helmholtz surface coil at 1.5 T. Eigh- 
teen men with symptomatic BPH (decreased urine flow rates 
of <15 ml/sec) were examined with T1-weighted, balanced, 
and T2-weighted images in the axial and sagittal planes. The 
surface coil improved the signal-to-noise ratio by a factor of 
2.2 when compared with body-coil images. 
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Analysis of T2-weighted images provided the most inter- 
esting results and differed from what has previously been 
reported. The heterogeneity of the central gland was marked 
in 10 patients, moderate in seven, and mild in one. Thirteen 
patients had discrete nodules in the central gland; in seven 
these nodules were bilateral and symmetric about the 
urethra. 

The signal intensity of the peripheral zone was high in 10 
patients, intermediate/high in seven, and intermediate in one. 
Only in four was the texture of the peripheral zone homoge- 
neous; it was heterogeneous in 14. In 50% of patients, a focal 
area of decreased activity seen posteriorly in the peripheral 
zone was thought to represent ejaculatory ducts and should 
not be confused with carcinoma. Distinction between the 
central gland and the peripheral zone was good in two of 
three of the cases. Nine discrete foci of decreased signal 
intensity in the peripheral zone resembled carcinoma. A bi- 
opsy sample was taken at one of these focal areas, and 
findings were negative for carcinoma. Dr. Way concluded that 
BPH has a highly variable MR appearance but recognizable 
patterns can be understood. 

W. T. Jacoby from Durham, NC, reported the CT findings 
of nonpuerperal ovarian vein thrombosis (OVT) in nine pa- 
tients. The CT criteria for OVT include enlargement of the 
ovarian vein with a low-density central lumen and a sharply 
defined enhancing wall. Thrombosis was right-sided in seven 
patients and left-sided in two. Only two patients recently had 
surgery (the only risk factor previously reported). Eight of nine 
had cancer; five of the eight were being treated with chemo- 
therapy. The ninth patient had a coagulopathy (idiopathic 
thrombocytopenic purpura). Although only two patients were 
treated with anticoagulants, no complications occurred in any 
of the patients. Of the five patients who were followed up, 
the OVT persisted in three and resolved in two. Dr. Jacoby 
concluded that patients with cancer, especially those on high- 
dose chemotherapy, have been identified as a new group at 
risk for developing OVT. In this clinical setting, the OVT is 
frequently asymptomatic. Because OVT can spontaneously 
resolve, the need for routine anticoagulant therapy or cessa- 
tion of chemotherapy is not clear. 

The CT findings of renal lymphoma were reported by R. H. 
Cohan from Durham, NC. Dr. Cohan and associates retro- 
spectively reviewed CT scans of 29 patients with renal in- 
volvement. Approximately 8% of patients with lymphoma had 
renal involvement. Non-Hodgkin lymphoma involved the kid- 
ney much more commonly (28:1) than Hodgkin disease did. 
Unlike previous reports that have stressed the frequent co- 
existence of retroperitoneal adenopathy, in this series renal 
disease alone was not uncommon. The most common pattern 
of renal involvement was multiple masses (17), which were 
typically homogeneous and did not deform the contour. In 
eight of these 17 cases, renal disease was the only abdominal 
involvement. The authors emphasized the need for contrast- 
enhanced scans, as the lymphomatous masses may be iso- 
dense with unenhanced parenchyma. Eight patients had di- 
rect invasion from a retroperitoneal mass that frequently 
encased the renal vessels. In three patients, the lymphoma- 
tous mass was primarily confined to the perinephric space. In 
this location, the lymphomatous mass can be hyperdense 
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relative to unenhanced renal parenchyma and resemble peri- 
nephric hemorrhage. The least common pattern (one case) 
was a single, large, contour-deforming, heterogeneous mass 
that was associated with bulky retroperitoneal adenopathy. 

D. Kallman and associates of Rochester, MN, reviewed 
results of 431 consecutive radical nephrectomies to evaluate 
the role of sonography, CT, and MR in the detection of renal 
vein and inferior vena cava tumor thrombus. They defined 
surgically important tumor thrombus as that which is distal 
(downstream) to the location of venous crossclamping during 
radical nephrectomy. On the right side, this is near the conflu- 
ence of the renal vein and the inferior vena cava. On the left, 
the renal vein is crossclamped near the lateral border of the 
aorta. Tumor thrombus proximal (upstream) to these points 
is not surgically important. Of the 25% of patients with tumor 
thrombus, 38% had surgically important disease. The average 
tumor size in these cases was 10 cm. In no case in which the 
tumor was smaller than 4.5 cm was there surgically important 
tumor thrombus. Involvement of the inferior vena cava was 
three times more common when the tumor was on the right 
side. 

CT and sonography have similar sensitivities (58% and 
95%, respectively) and specificities (99%) for detecting sur- 
gically important tumor thrombus. Combined sensitivity of 
both procedures is 71%. In selected patients, MR imaging 
and venography are more sensitive than CT and sonography 
for detecting surgically important tumor thrombus. 


Musculoskeletal Imaging 


Two papers in the session dealt with the clinical parameters 
that can obviate obtaining radiographs in the emergency 
department for patients who probably do not have a signifi- 
cant injury. These presentations emphasized the importance 
of obtaining the history and a physical examination before 
radiographs are ordered. A. G. Auletta from Richmond, VA, 
reported that performing a brief but thorough physical exam- 
ination enabled them to separate those patients with “clinically 
insignificant” ankle injury from those with a potential fracture. 
Their study group consisted of 201 patients who were seen 
in the emergency department for acute ankle trauma and 
were sent to the radiology department for radiographs of the 
ankle. Radiology residents performed a physical examination 
on all 201 patients and identified 101 whose radiologic ex- 
aminations were felt to be clinically unnecessary. Only one 
fracture was identified in this group—a small avulsion fracture 
of the talus that was treated without a cast. Thirty of the 
remaining patients (30%) had fractures visible on radiographs. 

Manu Gupta and Kay H. Vydareny from Ann Arbor, MI, 
reviewed the records of 14,000 patients seen in a university 
emergency department during a 6-month period. They iden- 
tified 681 patients who were admitted with multiple trauma 
or injury to the face or head. This group of patients was 
studied to determine the incidence of significant cervical spine 
injury in such patients. Two hundred thirty-four (34%) of the 
patients had cervical spine films, and two fractures (1%) were 
diagnosed. One hundred twenty-three patients who had cer- 
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vical spine films had no symptoms referable to the neck; none 
of these patients had a fracture. The two patients with frac- 
tures had pain and/or tenderness in their neck. These data 
support previous studies, which also have suggested that 
without direct cervical trauma, the conscious patient who 
does not have neck pain does not routinely need cervical 
spine radiographs. 

J. S. Blebea from Rochester, NY, found that lipid-sup- 
pressed MR images of the wrist were useful in evaluating the 
extent of disease in patients with rheumatoid arthritis. MR 
imaging was performed at 1.5 T with a dedicated wrist surface 
coil in 15 patients with classic or definite rneumatoid arthritis. 
Conventional T2-weighted and lipid-suppressed images were 
obtained in the axial and coronal planes; plain film were 
obtained on all patients. The lipid-suppressed MR images 
were found to be superior to the T2-weighted MR images 
and plain films in identifying bony erosions, extent of pannus 
formation, and particularly in mapping the extent of tenosyn- 
ovitis. Lipid-suppressed images will thus be valuable in aiding 
clinical assessment and monitoring therapy in patients with 
rheumatoid arthritis. 

Bone abnormalities were identified in six AIDS patients with 
bacillary angiomatosis by A. L. Baron and colleagues from 
San Francisco. Although the cutaneous lesions of this syn- 
drome resemble those of Kaposi sarcoma, it is important that 
the disease be differentiated from Kaposi sarcoma, because 
bacillary angiomatosis can be treated effectively with antibi- 
otics. The authors identified bone lesions that usually were 
contiguous with the angiomatous skin nodules. Increased 
uptake of the involved bones was seen on *"MDP scintigra- 
phy. These lesions consisted of cortical erosions with perios- 
titis in five patients; one patient had permeative infiltration of 
the medulla space. Kaposi sarcoma does not frequently cause 
bone lesions. Thus, radiologic differentiation between the two 
diseases can be made and appropriate antibiotic therapy 
instituted. 

L. S. Steinbach from San Francisco described the MR 
appearance of the triangular fibrocartilage in normal and rel- 
atively abnormal wrists. The anatomy is well seen. Tears are 
visualized as areas of increased signal intensity extending to 
a fibrocartilaginous surface. Dr. Steinbach and colleagues 
recommend use of at least one sequence set for high signal 
intensity in fluid to define the presence or absence of a tear. 

Recent proposals supporting three-compartment wrist ar- 
thrography have been controversial. L. A. Gilula and col- 
leagues of St. Louis, MO, prospectively evaluated 250 con- 
secutive such studies in order to form a baseline evaluation. 
The midcarpal joint (MCJ) and distal radioulnar joint (DRUJ) 
were injected in sequence, the radiocarpal joint (RCJ), after a 
minimum of a 1-hr delay. Thirty-eight unidirectional defects 
were shown, 35 of which flowed from MCJ to RCJ. Nine 
undirectional defects connected the RCJ and DRUJ, seven 
flowing from RCJ to DRUJ. These results differ from previ- 
ously published reports and offer support for the need to 
distend all three compartments for adequate studies. Further 
investigation will explore whether the tears seem to be dem- 
onstrated best on first injections, whether tear demonstration 
or its absence may be related to injection sequence, and what 
the clinical implications of demonstrated tears may be. 
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Sonography 


Gangrenous cholecystitis is a difficult clinical diagnosis. 
Twenty-eight patients with a surgically proved diagnosis of 
gangrenous cholecystitis were retrospectively reviewed by 
shariene A. Teefey and coworkers (Seattle, WA). Acute cho- 
lecystitis was clinically suspected in 23 patients, whereas in 
the remaining five patients, it was not suspected until the 
sonography/CT was performed. In no patient was the diag- 
nosis of gangrenous cholecystitis suspected. Abdominal pain 
and tenderness were absent in 29%, 54% were afebrile, and 
15% had a normal leukocyte count. In 15 patients with CT/ 
sonographic evidence of wall thickening, this wall thickening 
had a striated appearance in eight, which the authors feel 
should suggest the diagnosis of acute gangrenous cholecys- 
titis. In summary, sonography/CT can contribute to the diag- 
nosis of gangrenous cholecystitis when this diagnosis is not 
Clinically suspected. 

P. A. Laffey from Philadelphia presented a report in which 
208 men defined clinically as high-risk for prostatic carcinoma 
had sonographically guided biopsies of the prostate, which 
included biopsies of Suspicious areas as well as random 
biopsies of each lobe. Patients were referred because of an 
abnormal digital rectal examination, elevated prostate-specific 
antigen, or a previous suspicious biopsy. Prostatic carcinoma 
was proved in 42 patients, of whom 69% had nodules. In 
93% of these, random biopsy showed the presence of carci- 
noma outside of the nodules. in two patients, biopsy of the 
nodule was negative and random biopsy showed carcinoma. 
In summary, transrectal sonography—guided biopsies should 
include not only a biopsy of a sonograpically visible nodule, 
but also should include random biopsies of the prostate. 

Joel F. Platt from Ann Arbor, MI, reported a study in which 
he and his colleagues performed duplex Doppler sonography 
on 70 kidneys with pyelocaliectasis, 38 of which were proved 
subsequently to be obstructed while the remaining 32 were 
not obstructed. One hundred fifty-nine kidneys without py- 
elocaliectasis also were studied. A significant difference ex- 
isted between the mean resistive index of the obstructed 
(0.77 + 0.05) and the nonobstructed dilated (0.63 + 0.06) 
kidneys. Receiver-operating-characteristic analysis showed a 
resistive index of 0.70 to be a good discriminatory level for 
obstruction, having a sensitivity of 92%, a specificity of 88%, 
and an accuracy of 90%. Ninety-six patients had Doppler 
examinations of both kidneys, and in only six did the resistive 
index differ by 0.10 or greater; all six had unilateral obstruc- 
tion. Duplex Doppler sonography was found to be a useful 
adjunct in determining whether obstruction is the cause of 
pyelocaliectasis. 

A. R. Spouge and colleagues from Toronto, Canada, stud- 
ied three patients with disseminated Pneumocystis carinii in 
the absence of clinical pulmonary infection. All were receiving 
aerosol-administered pentamidine prophylaxis. A striking son- 
ographic pattern of diffuse sparkling nonshadowing echoes 
were found in the liver, spleen, kidneys, and thyroid gland of 
these patients. CT showed hypodense splenic masses and 
extensive small renal parenchymal calcifications in some pa- 
tients. Dr. Spouge and her coworkers believe that a pattern 
of diffuse sparkling nonshadowing echoes in various organs 
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in the right clinical setting is diagnostic of disseminated Pneu- 
mocystis carinii. 

Preterm dilatation of the lower uterine segment is well 
demonstrated by sonography. J. P. Karis and colleagues, of 
Durham, NC, studied 14 patients in whom the lower uterine 
segment mimicked cervical dilatation. This they termed pseu- 
dodilatation. All scans were performed with an empty urinary 
bladder. In ail cases, images obtained 30 min later had normal 
lower uterine segments. Follow-up revealed no evidence of 
preterm labor or cervical incompetence. The features that 
distinguish pseudodilatation from true lower uterine dilatation 
were as follows: (1) apparent cervical length greater than 4.5 
cm, (2) adjacent rounded myometrial bulge, and (3) normal- 
appearing cervical tissue caudal to the dilated area. if any of 
these features are observed, it is recommended that the 
patient be rescanned. 

Nonvascular use of catheters and smaller sonographic 
probes developed for vascular work was investigated by B. 
B. Goldberg and coworkers from Philadelphia. They used an 
animal model, both in vivo and in vitro, to introduce these 
small catheter probes into urethra, urinary bladder, ureter, 
renal pelvis, endometrial cavity, fallopian tube, common bile 
duct, small bowel, and pancreatic duct. They could observe 
these structures and reliably measure their thickness and 
echotexture. Tumor, stones, and vessels were well demon- 
strated and measured in millimeters. Experience with humans 
was similar to the animal models. There are now 10 human 
protocols. At present, the probes cost $1000, but can be 
reused, and the disposable catheters cost $250 each. 


MR imaging 


MR images of 36 patients with histologically proved ex- 
traabdominal desmoid tumors were reviewed retrospectively 
by T. E. Hartman and colleagues in Rochester, MN. Eight of 
the 36 tumors were primary tumors and 28 were recurrences. 
All of the primary tumors were poorly marginated and inho- 
mogeneous with some element of scar. Of the recurrent 
tumors, 27 were inhomogeneous, 24 were poorly marginated, 
and 25 had some component of scar. All 36 tumors had signal 
higher than muscle on T2-weighted images but six of eight 
primary tumors and 13 of 28 recurrent tumors had signal 
intensities less than that of fat. The imaging characteristics of 
desmoid tumors look malignant but the presence of a scar on 
T2-weighted images and the presence of signal intensity 
greater than that of muscle but less than that of fat in 75% 
should help in distinguishing desmoid from other malignant 
soft-tissue tumors. The “scar” in desmoids is low-density 
amorphous tissue, whereas the scar in postoperative tissue 
is linear fibrous tissue. 

D. E. Wenger and coworkers from Rochester, MN, retro- 
spectively analyzed 194 patients with untreated soft-tissue 
tumors to determine the specificity of imaging features in 
benign and malignant tumors. There were 145 benign and 49 
malignant tumors. T1- and T2-weighted images were ob- 
tained in at least two planes. Analysis revealed 96% of 
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malignant tumors had irregular margins and 94% had inho- 
mogeneous signal intensity. Benign lesions had smooth mar- 
gins (92%) and were homogeneous (89%). Benign lesions 
with atypical appearances were desmoid tumors, neurofibro- 
mas, vascular malformations, abscesses, and hematomas. 
MR has superior capacity for tumor localization and for de- 
termination of extent of tumor but is limited in its ability to 
predict histology. Dr. Wenger and colleagues found a positive 
predictive value of 63% and a negative predictive value of 
98%. 

Philipp Lang and colleagues from San Francisco compared 
3-D surface and volume reconstructions in 25 patients with 
various abnormalities of the musculoskeletal system. All pa- 
tients had T1- and T2-weighted and T2* gradient refocusing 
MR images. in areas of potential overlap of different anatomic 
structures with similar signal intensity, disarticulation contours 
were manually drawn. Surface reconstruction was 8-10 times 
faster than volume reconstruction because volume recon- 
struction used all the information from the original MR images. 
Surface reconstruction appeared to give a clearer image, but 
image artifacts occurred and fine detail was obscured be- 
cause all the information was not used. At times, the volume 
reconstructed image was inaccurate. The authors conclude 
that surface and volume reconstruction provide a diagnostic- 
ally useful image of the diseased anatomy but the usefulness 
is limited by the time required to create them. The authors 
suggest these techniques could be useful for identifying liga- 
mentous injury, evaluating the knee after surgery, and judging 
response of tumors after chemotherapy. 

Thirty-one patients with a cervical carcinoma at clinical 
stage 1B (FIGO staging) were studied with MR imaging by S. 
Sironi and colleagues from Milan, Italy. T1- and T2-weighted 
axial and sagittal images were obtained. Radical hysterec- 
tomy was performed and gross and microscopic findings were 
correlated. Clinical staging was correct in only 11 of 31 
patients, with the extent of disease underestimated in 14 and 
overestimated in six. MR imaging gave correct estimates of 
extent of tumor in 27 of 31 patients; four cases were over- 
estimated. The authors thought that MR imaging should be 
used to determine appropriate therapy in patients with clinical 
stage 1B cervical carcinoma. 

T. M. Vesely and colleagues (Rochester, MN) found ECG- 
gated MR imaging to be superior to echocardiography in the 
detection of portal anomalous pulmonary venous connec- 
tions. Echocardiography identified 64% of patients, compared 
with 100% detection with MR. MR also was successful in the 
detection of five associated atrial septal defects. Dr. Vesely 
found that the axial plane was superior to the coronal plane 
for MR evaluation but recommended using both. This paper 
points out the particular value of MR as a noninvasive tool 
for examining the older child with congenital cardiac and 
pulmonary anomalies. These children present to the radiolo- 
gist without a preexisting diagnosis. 

A study was performed by B. E. Widoff and colleagues 
(Los Angeles) to determine the advantages of using gadopen- 
tetate dimegilumine in the evaluation of osteogenic sarcoma. 
Twenty patients with osteogenic sarcoma were imaged with 
pre- and post-gadolinium T1- and T2-weighted MR images. 
Pre- and postcontrast images were compared to determine 
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the ability to (1) differentiate extension of the tumor into the 
soft tissues from possible edema in the soft tissues, and (2) 
determine involvement of important structures such as neu- 
rovascular structures and the synovium. Precontrast and 
postcontrast images also were compared for the extent of 
marrow infiltration within the bone itself. In no situation did 
gadolinium enhancement add significant information to that 
which was available on the precontrast T1- and T2-weighted 
images. In fact, in some instances the gadolinium enhance- 
ment obscured the tumor margin in the marrow and the 
relationship of the tumor to the neurovascular structures in 
the soft tissues. 

In a study presented by Manjul Shah of Cleveland, OH, 60 
patients with musculoskeletal tumors in both bone and soft 
tissue underwent MR imaging before and after administration 
of gadolinium. For the majority of the patients, gadolinium 
administration provided no additional information compared 
with the T1- and T2-weighted images. In a minority of patients, 
it was considered helpful in that it demonstrated intraarticular 
extension, tumor necrosis, epidural extension, or cystic con- 
tents. The demonstration of intraarticular extension is in con- 
tradistinction to the findings presented in Dr. Widoff’s pre- 
sentation. This seemed to relate to the time of imaging after 
contrast administration. The detection of necrosis in tumor 
was thought to be helpful in determining a biopsy site. The 
epidural extension is an advantage that has been well de- 
scribed in the neurologic literature. In demonstrating the cystic 
contents, gadolinium enhancement only helped confirm a 
finding present on unenhanced scans. Although gadolinium 
administration seemed to add little information in the majority 
of the patients studied, these authors still believe that it 
diminishes examination time and motion artifacts and provides 
a higher signal-to-noise ratio. They feel the only disadvantage 
to gadolinium administration is the added expense of the 
study. 

J. S. Jelinek, Washington, DC, addressed the usefulness 
of MR imaging in determining recurrence of a lesion previously 
curetted and packed with cancellous bone chips. Thirteen 
patients were studied. An unusual speckled bright pattern 
was seen in seven postcurettage lesions on T1-weighted 
images and in 11 on T2-weighted images. In order to under- 
stand these patterns, allograft samples were imaged and 
specimens of these samples were studied histologically. The 
allograft samples were heterogeneously bright speckles on 
T2-weighted MR images. Histologic examination showed 
blood cells and necrotic and cellularly intact bone marrow 
elements. Two of the 13 patients had recurrent tumor. The 
recurrent tumor was identified by replacement of the areas of 
speckled hyperintensity with homogeneously dark signal. This 
study is important to demonstrate that the speckled pattern 
does not mean recurrence and that recurrence appears as 
homogeneous signal replacing the speckled pattern. 


Angiography and Interventional Radiology 


A paper by L. Sider and others on CT of calcification of the 
coronary arteries was presented by M. E. Timins, of Chicago. 
These coworkers evaluated the significance of finding calcifi- 
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cation within coronary arteries during the course of a conven- 
tional CT examination of the chest with a GE 9800 and 
contiguous slices 10 mm thick. Twenty-seven patients who 
were being evaluated for symptoms of myocardial ischemia 
with coronary artery catheterization also were studied retro- 
spectively with CT scans through the heart. On the CT scans. 
calcification was scored as either present or absent and, if 
present, localized to either the left anterior descending, the 
circumflex, or the right coronary artery. Calcification seen on 
the CT examination in the left anterior descending location 
was found to correlate best with the angiographic finding of 
greater than 50% stenosis. Correlation with the circumflex 
artery was slightly less. The right coronary artery showed the 
least correlation when the CT and angiographic data were 
compared, with only 17% of severe and moderately stenosed 
vessels showing calcification on CT. Because this was a 
study that involved only patients who were already suspected 
of having myocardial ischemia due to coronary artery disease, 
issues of sensitivity and specificity could not be adequately 
addressed. Nevertheless, the authors concluded that the 
coronary arteries should be evaluated on every chest CT 
examination and that the presence of calcification, especially 
in the left anterior descending coronary artery, will have a 
significantly high correlation with moderate to severe stenosis 
on coronary arteriography. The results of this study tend to 
corroborate some of the earlier results with the detection of 
coronary artery calcification on ultrafast (cine) CT. This prelim- 
inary study may lead to further assessment with thin-section 
technique, which is now being used more widely in the 
evaluation of the lung parenchyma. 

Vance Watson and Saadoon Kadir of Durham, NC, noted 
that standard contrast angiography (SCA) often fails to iden- 
tify patent calf and ankle vessels that could be suitable for 
bypass or angioplasty/atherectomy procedures, whereas 
supplemental digital subtraction angiography (DSA) can vis- 
ualize vessels that are not apparent on SCA. Failure to detect 
the patent run-off vessels could lead to the loss of many 
salvageable extremities. The demonstration of patency, on 
the other hand, could lead to more aggressive intervention, 
including thrombolytic therapy and angioplasty, as well as 
surgical bypass. Twenty-five patients with no visible run-off 
on SCA were subsequently evaluated with DSA, performed 
on a Philips/ADAC system. DSA improved the detection of 
patent vessels at the ankle in 84% of these cases. DSA also 
improved the detection of specific vascular lesions in another 
20% of these patients. The better detection of patency with 
DSA affected the management of 86% of the cases and in 
well over half of the group allowed reconstructive surgery or 
aggressive intervention with angioplasty and atherectomy. In 
a small number of cases, the demonstration of patency led to 
successful free flap grafting. Drs. Watson and Kadir con- 
cluded that DSA is a valuable adjunct to SCA in these cases 
in which calf and ankle vessels are not initially identified, and 
that the use of this digital technique will identify many more 
salvageable limbs and also will define occult vascular disease 
in these run-off vessels. 

M. Sateriale from Providence, RI, presented a 5-year ex- 
perience with 307 consecutive CT-guided renal biopsies for 
nonneopiastic indications. Tissue adequate for histopatho- 
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logic diagnosis was recovered in 100% of cases. All of the 
patients had mild-to-moderate pain and microhematuria. Hem- 
orrhage occurred in 18 patients (6%), 13 of whom needed 
transfusions and two of whom required interventional angio- 
graphic embolization. In this group of 18, one death (0.3%) 
occurred. This patient had multisystemic disease and at the 
time of death was found to have a large retroperitoneal 
hematoma. None of their patients were known to have a 
clinically significant arteriovenous fistula. When Dr. Sateriale’s 
data are compared with other series of renal biopsies per- 
formed by other guidance methods, the CT-guided technique 
appears superior both from the aspect of the successful 
recovery of satisfactory tissue as well as the associated 
morbidity and mortality. By first being able to image a safe 
window to the cortex of the lower pole and the subsequent 
placement of the 14-gauge Vim-Silverman needie into the 
cortical tissue, many of the uncertainties of renal biopsy are 
eliminated. Although potentially time-consuming, this study 
shows that CT-guided renal biopsy is extremely reliable and 
as Safe if not safer than other methods. 

D. S. K. Lu and colleagues, of Toronto, Canada, attempted 
to quantitate the potential for mechanical lithotripsy (ESWL) 
to enhance the ability of methyl tert-butyl ether (MTBE) to 
dissolve gallstones in vitro. They showed that heavily calcified 
stones, although well fragmented by lithotripsy, still did not 
dissolve well in MTBE. However, noncalcified stones dis- 
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solved 44% faster after ESWL, and partly calcified stones 
dissolved 30% faster. There appears to be experimental 
justification for ESWL as an adjunct to MTBE for the disso- 
luton of gallstones. 

The presentation of J. C. Brandon from Orange, CA, was 
similar but also looked at the possible salutary effects of 
dimethyisulfoxide (DMSO) as an adjunct to MTBE and ESWL 
in the in vitro dissolution of gallstones. They found that ESWL 
does enhance the solubility of gallstones in MTBE but that 
the addition of DMSO adds nothing to normal bile as a solvent 
for gallstones. The authors concluded that DMSO may have 
hindered the dissolution of gallstones after ESWL. 

B. L. Bower from St. Louis, MO, presented his group’s 
experience in removing retained common duct stones via a 
T-tube tract with choledochoscopy for guidance. They re- 
ported on 72 patients, 65 of whom were found to have stones. 
Four had papillomatous masses, and three were negative for 
retained stones. All 65 patients had their stones successfully 
removed with a complication rate of less than 5%. On the 
average, the procedures lasted 115 min, and contact electro- 
hydraulic lithotripsy was used in 17% of patients in order to 
crack very large stones and facilitate their removal via the T- 
tube tract with a grasping device passed through the endo- 
scope. The authors felt that choledochoscopy was superior 
to fluoroscopy in guiding the removal of retained common 
duct stones. 
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1990 ARRS Gold Medals 


M. Paul Capp 


John W. Dennis 


It is a difficult task to chron- 
icle the accomplishments of 
Dr. John Dennis. Like the 
poet who lamented the lack 
of time to view the cherry tree 
in bloom, so we must face 
the fact that we have neither 
the time nor space to docu- 
ment properly his contribu- 
tions to radiology. 

He was born, educated, 
and trained in Maryland, and 
he served its university with great distinction as professor 
and chairman of radiology, dean of the medical school, vice- 
chancellor for health affairs and then for academic affairs, as 
well as acting chancellor. 

Among other positions, he has served as president of the 
Maryland Radiological Society and of the Maryland division 
of the American Cancer Society. He has been chairman of 
the Board of Chancellors and president of the American 
College of Radiology. He found time to organize the American 
Registry of Pathology and serve as chairman of the Council 
of Southern Medical School Deans. He has served as a 
trustee of the American Board of Radiology and continues as 
a guest examiner every spring. 

He was chosen as the Caldwell Lecturer by the American 
Roentgen Ray Society in 1980 and has given innumerable 
other named lectures and served as visiting professor at 
schools from New York to Texas. With all of this activity, he 
has continued to practice, to teach, and to produce a formi- 
dable bibliography. 

Working quietly, he has become a role model for anyone 
who would seek to combine outstanding careers in teaching, 
administration, and scholarship while contributing mightily to 
the organization of our specialty. 

In 1980, he received the gold medal of the American College 
of Radiology, yet his contributions did not stop, but only 
became greater and more significant. For distinguished 
achievement as a radiologist and as a human being, the 
American Roentgen Ray Society is pleased to award its gold 
medal to Dr. John W. Dennis. 








Glen W. Hartman 


It is easy to characterize 
Dr. Glen W. Hartman by his 
personal attributes as a man 
of tremendous ability, easy 
grace and good humor, con- 
tagious warmth, and genuine 
modesty. It would be more 
difficult to understand how 
he was able to accomplish so 
much in a life cut short in its 
53rd year. 

Dr. Hartman graduated 
from the University of Wisconsin Medical School, took his 
training at the Mayo Clinic and the University Hospital in 
London, and returned to the Mayo Clinic where he remained 
on staff for the rest of his life. 

His talents as an organizer and leader were quickly discov- 
ered and eagerly sought after, and he served both as chair- 
man of the Department of Radiology and as president of 
medical staff at the Mayo Clinic. His last appointment was as 
the first head of Mayo Medical Ventures. In his home state, 
he was also chosen as president of the Minnesota Medical 
Society. 

Nationally, he served as president of the Society of Urora- 
diology and on the Board of Chancellors and as chairman of 
the Intersociety Commission of the American College of Ra- 
diology. In the latter role, he gave new impetus to the effec- 
tiveness of the annual summit of radiologic leaders. In the 
American Roentgen Ray Society, he served on the Executive 
Council as chairman of instructional courses and, until his 
death, as a strong and efficient secretary. 

His greatest pride, perhaps, was his concept of a multi- 
societal celebration of radiology’s centennial. He had devel- 
oped the concept and served as chairman and driving force 
of the organization to make 1995 the banner year of our 
specialty. The successful outcome of the Radiology Centen- 
nial would be the finest tribute we could pay to his memory. 

Dr. Hartman was more than a radiologic statesman. He 
was a leader in the development of uroradiology as a recog- 
nized subspecialty and delighted in teaching his residents. 
Medical students also came under his influence as professor 
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of radiology at the Mayo Medical School. His bibliography, 
especially in the field of uroradiology, is a significant one. 

Posthumous awards are sad by definition, and they may 
sometimes be awarded with a strong overlay of sympathy, 
but this man achieved and contributed as much to our spe- 
cialty in his shortened life as have most recipients in a longer 
time span. Although we are certain that he would have given 
much more, his contributions were already great, and in 
gratitude for achievement in radiology and contributions to 
our society, the American Roentgen Ray Society is proud to 
award its gold medal to Dr. Glen W. Hartman. 


Elliott C. Lasser 


Elliott C. Lasser has been 

a leader in the three pursuits 
of academic  radiology— 
teaching, clinical practice, 
and research—since he was 
appointed chairman of the 
department of radiology at 
| the University of Pittsburgh 
/ aS a young man of 34. His 
career has been marked by 
unremitting and unselfish de- 
© votion to the advancement of 
, i aa radiology. 
Dr. Lasser was profoundly influenced by Dr. Leo Rigler 
during his residency training at the University of Minnesota. 
Dr. Rigler impressed on him the critical importance of extend- 
ing the scope of radiology beyond the strict anatomic inter- 
pretation of radiographs to the gleaning of physiologic and 
pathophysiologic information. This is a perspective that Dr. 
Lasser subsequently described in his book, Dynamic Factors 
in Roentgen Diagnosis, and emphasizes to his students to 
this day. 

After building a strong department in Pittsburgh, he was 
chosen to be the first chairman of the radiology department 
at the University of California, San Diego, when the medical 
school there was started in 1968. He was successful in 
recruiting the best young people in radiology and founded 
one of the premier radiology departments in the country. 

In the tradition of giants like Rigler, Neuhauser, and Felson, 
he has been the stimulus for a large number of bright people 
to enter radiology. He has been the impetus behind major 
training programs in Pittsburgh and San Diego spanning more 
than 30 years. To this day, he holds special weekly teaching 
sessions with residents in his home in the evening. His 
remarkable contributions as an academic radiologist were 
recognized by the Association of University Radiologists in 
1978, when he was awarded the gold medal of that society. 

Impressive as all this is, it pales beside Dr. Lasser’s unique 
contributions to research. His major achievement has been 
to introduce basic research into radiology. He was the first to 
prove that radiologists belong in the research laboratory 
dealing with test tubes and laboratory animals as well as in 
the reading room interpreting radiographs. If he had come 
along a generation sooner, radiologists, not surgeons, would 
have discovered oral cholecystography. 

As remarkable a clinical radiologist as he is, Dr. Lasser is 
equally outstanding as an immunologist, allergist, physiolo- 








gist, and biochemist. We owe our understanding of the patho- 
physiology of contrast material reactions to his lifelong dedi- 
cation to this field. Indeed, because of his example, radiolo- 
gists can walk with pride among basic researchers in medicine 
and surgery and compete successfully with them for research 
grants involving basic laboratory studies other than those in 
physics and engineering. 

Dr. Lasser has been a compass by which many people 
guide their professional careers and personal lives. He has an 
uncanny ability to bring out the best in people, and he serves 
as a paradigm of all that is good, noble, and ethical in radiology 
and medicine. The American Roentgen Ray Society brings 
great honor to itself by honoring Dr. Elliott C. Lasser. 


Ted F. Leigh 


There are things about an 
Alabama boy that defy un- 
derstanding. Dr. Ted Leigh, 
our Alabama boy, left a small 
town and fought his way 
through Atlanta, New York 
City, and the jungles of the 
South Pacific and then was 
able to return to the quiet life 
of a medical educator, where 
his accomplishments might 
6%. have been overlooked had 
they not been so many and so important. 

Dr. Leigh graduated at Emory University School of Medicine 
and was one of those who were called to the colors before 
Pearl Harbor. He spent 3/2 years in Saipan in the Marianas, 
acquiring only experience and two battle stars for his efforts. 
He returned to Columbia Presbyterian Medical Center, training 
under the legendary Golden, Caffey, Wood, and Quimby. 

He went back to Emory University Hospital as radiologist- 
in-chief, retiring as professor of radiology 32 years later. 
Although in an emeritus position, he continues service at 
Grady Hospital. 

He has served as vice-president of the American College 
of Radiology and the Radiological Society of North America, 
president of the Eastern Radiological Society and the Atlanta 
Radiological Society, and as chairman of the Section on 
Radiology of both the Southern and American Medical Asso- 
ciations. 

In our society, he served for many years as secretary and 
as president in 1975. In his key positions, he was most 
effective in achieving cooperation between major societies 
and in modernizing the requirements of membership for the 
American Roentgen Ray Society. 

As a teacher, he is unsurpassed, and as an amateur 
photographer, he has no peer. He has combined his skills as 
a lecturer and his hobby as a photographer to teach and 
photograph from Bali to Bermuda and from Mobile to Minne- 
apolis. Never has his performance been less than outstanding, 
and he has always performed with a single-minded devotion 
to his specialty. 

For extraordinary service to all of radiology and especially 
to our society, the American Roentgen Ray Society is honored 
to present its gold medal to Dr. Ted. F. Leigh. 
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90th Annual Meeting of the ARRS: Secretary’s Report 


Raymond A. Gagliardi’ 


According to meeting planners, the leading city in the United 
States for medical meetings has been, for several years, 
Washington, DC. The 90th annual meeting of the American 
Roentgen Ray Society (ARRS) held at the Sheraton Washing- 
ton Hotel, May 13-18, 1990, justified that designation. The 
meeting was a resounding success with new highs in atten- 
dance, especially in the area of radiologist attendees, and 
with an astounding growth in participation in the instructional 
courses. 

The meeting began officially on Monday morning with the 
installation of M. Paul Capp, of Tucson, AZ, as the 90th 
president of the oldest radiologic society in North America. In 
a very provocative address, President Capp emphasized the 
need for radiologists to consider the pressures that make 
subspecialization within radiology an urgent issue. He feels 
that if we radiologists do not respond to these pressures for 
subspecialization, we will slowly lose our identity as consul- 
tants. With special attention to organ orientation, he urged all 
radiologic departments to meet changing needs of the spe- 
cialty. It was a stimulating talk and a rousing beginning for 
the scientific meeting. 

The scientific program also began on Monday, having been 
arranged by Dr. Capp and the Scientific Program Committee. 
There were 18 sections with 198 papers presented. These 
198 were selected from 546 papers that had been submitted. 
The categorical course on cardiovascular radiology was pre- 
pared under the direction of William J. Casarella, with Charles 
B. Higgins as codirector. It was an outstanding program and 
was especially well attended, considering that this is an area 
where many radiologists are losing the turf battle. The sylla- 
bus alone was worth the cost of the program, and we urge 
those who did not attend to purchase the syllabus while 
copies are still available. 

The Friday morning program, which has become one of the 
most popular segments of the ARRS meeting, was directed 
by Michael J. Pitt, and the subject was “Current Topics in 
Musculoskeletal Imaging.” This was especially well received, 
with over 600 registrants in attendance. 

The exhibit space was shared by technical exhibitors and 
scientific exhibitors with a record number of exhibits in place. 
The winners of the major awards were as follows: gold medal 
for “Imaging of the Patellofemoral Joint,” by William F. Con- 
way, Curtis W. Hayes, Georges Y. El-Khoury, Landis K. 
Griffeth, and William G. Totty, of Richmond, VA; silver medal 


for “Computed Tomography and Magnetic Resonance Imag- 
ing of the Pediatric Orbit,” by Kenneth D. Hopper, John S. 
Mayer, John L. Sherman, and David K. Haas, of Hershey, PA; 
and bronze medal for “Photostimulable Phosphor Radiogra- 
phy for Gastrointestinal Examinations,” by Glendon G. Cox, 
Kyo Rak Lee, John H. McMillan, Edward L. Siegel, Kirkman 
G. Baxter, and Joni Bialek, of Kansas City, KS. 

On Wednesday, the awards program with the Caldwell 
Lecture was highlighted by the presentation of gold medals 
for outstanding contributions to radiology to John W. Dennis 
of Baltimore, MD; Elliott C. Lasser of San Diego, CA; and Ted 
F. Leigh of Atlanta, GA. These men were all cited for their 
special contributions to radiology and to the American Roent- 
gen Ray Society. A posthumous gold medal was awarded to 
Glen W. Hartman. As secretary of the Society, Dr. Hartman 
had played a prominent role in planning this meeting, and his 
many other contributions to radiology were acknowledged by 
Dr. Capp. Other appropriate memorials will be established in 
his honor, including naming of Executive Council award pa- 
pers for 1991 as the Glen Hartman award papers. Mrs. 
Dorothy Hartman, Glen's widow, accepted his gold medal in 
a short acceptance speech filled with warmth and strength. 

The Caldwell Lecturer was again an outstanding public 
figure, Associate Justice Sandra Day O’Connor of the United 
States Supreme Court. She discussed with great wit and 
style the relationship between the legal and medical profes- 
sions. This was one of the best-attended Caldwell Lectures 
in my memory, and | have never seen so many women in 
attendance. The choice of Justice O'Connor as Caldwell 
Lecturer by Dr. Capp was a happy one. 

Special award papers were delivered by radiology resi- 
dents. The President’ s Award paper, which received an award 
of $2000 plus an engraved diploma was “MR Receptor Im- 
aging: Ultra Small Iron Oxide Particles Targeted to Asialogly- 
coprotein Receptors,” by Ralph Weissleder, Peter Reimer, 
Albert S. Lee, Thomas J. Brady, and Jack Wittenberg of 
Massachusetts General Hospital in Boston. The two Execu- 
tive Council papers carried an award of $1000 with an en- 
graved diploma. The first award was dedicated to the memory 
of Joseph E. Whitley, and was given for “A Prospective 
Evaluation of P-31 MRS for the Diagnosis of Allograft Rejec- 
tion in Renal Transplant Recipients,” by Thomas M. Grist, H. 
Cecil Charls, and H. Kirk Sostman of Duke University Medical 
Center in Durham, NC. 
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The other Executive Council paper was dedicated to the 
memory of Benjamin Felson and was given for “Intravascular 
Ultrasound in the Diagnosis and Management of Arterioscle- 
rosis,” by Christopher E. Engeler of the University of Minne- 
sota Hospital and Clinic in Minneapolis. 

The accompanying persons program, supervised by Jo- 
seph P. Mock and Richard D. Newman, was well attended. A 
highlight of this year’s activities were the programs aimed at 
children of the registrants. Washington is a city that especially 
lends itself to this kind of activity. The proximity of the hotel 
to Rock Creek Park and the National Zoo was an especially 
favorable coincidence. Riding on the Washington metro also 
was an interesting outside activity. 

The annual ARRS golf tournament was held at the Ken- 
wood Country Club in nearby Potomac, largely under the 
supervision of William Olmstead. The Society has played at 
this course before, but we were all especially pleased by the 
fine facility and the marvelous hospitality demonstrated by 
the personnel. For the first time, the tournament was played 
under the Calloway System. The Manges Trophy was won 
by Bayne Selby, Jr. The Exhibitor's Trophy for low gross was 
won with a sensational round by Brett Storm, whose late 
surge allowed him a slim margin over Otis Fisher. 

The tennis tournament also was held at Kenwood; first 
place in the men’s division was taken by Bennett Sweren, 
and first place in the women’s division was taken by Phyllis 
Dannar. One of the highlights of the women’s division tour- 
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nament was the play of Freda Hartley, who, although the 
oldest of the participants, claimed the third-place trophy. 

At the final business meeting of the Society, the following 
officers were elected for 1990-1991: John A. Kirkpatrick, Jr., 
Boston, MA, President-Elect; A. Everette James, Jr., Nash- 
ville, TN, First Vice-President; Andrew K. Poznanski, Chicago, 
IL, Second Vice-President; Joseph T. Ferrucci, Jr., Boston, 
MA, Secretary; Beverly P. Wood, Los Angeles, CA, Treasurer; 
George R. Leopold, San Diego, CA, Chairman of the Execu- 
tive Council; Edward Buonocore, Knoxville, TN (5-year term), 
and Robert |. White, New Haven, CT (1-year term), Publica- 
tions and Editorial Policy Committee; John Haaga, Cleveland, 
OH, member, and N. Reed Dunnick, Durham, NC, Chairman 
of the Scientific Exhibits Committee; R. K. Gedgaudas- 
McLees, Finance and Budget Committee; Nancy O. Whitley, 
Chairperson, Advisory Committee on Education and Re- 
search; and John E. Madewell, member of the Executive 
Council (5-year term). Robert J. Stanley, Birmingham, AL, 
was designated as Chairman of Instructional Courses to 
succeed Dr. Ferrucci. 

The meeting came to a successful close on Friday, May 
18. Planning has begun for the 1991 meeting in the Sheraton 
Boston Hotel, Boston, MA, May 5-10, 1991. Boston is an- 
other great city for medical meetings and social programs. 
The 91st annual meeting promises to be another outstanding 
educational experience, and we encourage attendance by 
members and guests alike. 
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The 1990 ARRS Annual Meeting Continues Record-Setting 
Trend: Administrative Report 


Paul R. Fullagar' 


The 90th annual meeting of the American Roentgen Ray 
Society (ARRS), held May 13-18, 1990, in Washington, DC, 
continued the growth pattern of the preceding 2 years in 
setting attendance records. Our growth in membership and 
attendance continues, with another 400 members elected this 
year. 

Once again, the instructional course program developed by 
Joseph Ferrucci, chairman, and Robert Stanley, cochairman, 
was an exceptional draw for attendees. With 15 courses 
scheduled each day of the four main meeting days, all attend- 
ees had a wealth of material from which to choose. Interest- 
ingly, the course attendance on Thursday, the last day, was 
nearly as high as on Monday, indicating that most registrants 
Stayed the entire week. Total course attendance for the 60 
offered courses reached 11,276, plus 546 registered for the 
categorical course on cardiovascular radiology, and a total of 
611 attendees at the Friday symposium on musculoskeletal 
imaging, making a grand total of 12,433 course attendees. 

The meeting registration of 2812 attendees, including 2093 
radiologists, was the largest registration for the meeting ever 
recorded, making this the third record-setting year in a row. 
The increasing numbers reflect the consistently excellent 
program content and the relaxed atmosphere conducive to a 
successful scientific meeting. As you can tell, the average 
number of courses attended by each radiologist reached six, 
a most impressive figure considering that the maximum pos- 
sible was nine. 

The scientific exhibits were once again at a record number 
of 252. The selections of the scientific exhibit committee, 
chaired by John Madewell, maintained the highest level of 
quality and scientific interest in the exhibits selected. The 
exhibit hall was always busy with registrants reading and 
taking notes. 

The presentations of scientific papers, totaling 198 papers 


during the 18 available sessions, all had large crowds in 
attendance. An attendance count is not done in these ses- 
sions, because the style is to select papers of personal 
interest and move freely from session to session. At least two 
thirds of the sessions, however, had capacity crowds, indi- 
cating that 400 to 600 persons were in those sessions. 

On Wednesday afternoon, the Sheraton Ballroom was 
nearly filled to its capacity of 2200 as Paul Capp, ARRS 
president, introduced the award paper presenters and 
awarded the gold medal of the ARRS to John Dennis, Elliott 
Lasser, Ted Leigh, and Glen Hartman. Mrs. Dorothy Hartman 
accepted the posthumous gold medal award for Glen on 
behalf of the Hartman family, all of whom were in attendance. 
This session concluded with the Caldwell lecture, delivered 
by U.S. Supreme Court Justice Sandra Day O'Connor in a 
rare appearance by a member of the Supreme Court. 

The overall success of the 90th meeting of the ARRS is a 
result of the many volunteer members who participate in the 
various committees that develop the content of the program 
and events, as well as those committee activities that are 
“behind-the-scenes.” In addition, the ARRS office staff of 
Susan Tevens and Cheryl Lancaster, meeting management 
functions of Sheila Aubin, and the printing and publication 
skills of Rebecca Haines all add to the continued success of 
the meeting. 

The Executive Council and officers extend to all interested 
persons an invitation to join us in Boston, May 5-10, 1991, 
for the 91st annual scientific meeting. The program chairman 
and president-elect, John Kirkpatrick, along with Robert Stan- 
ley, chairman of instructional courses, and Reed Dunnick, 
chairman of scientific exhibits, have begun the year-long task 
of putting together another exceptional event. Please join us 
for this promising experience in intellectual, scientific, and 
social stimulation. 
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ARRS Award-Winning Scientific Exhibits, 1990 


More than 250 scientific exhibits were displayed at the 
ARRS 1990 meeting in Washington, DC. The Committee on 
Awards selected three medal winners and named 26 exhibits 
for certificates of merit. 

Elsewhere in this issue are an application form and instruc- 
tions for submitting scientific exhibits for the 1991 ARRS 
meeting in Boston, MA, May 5-10. 


Gold Medal Exhibit 


Imaging of the patellofemoral joint. Conway WF, Hayes CW, El- 
Khoury GY, Griffeth LK, Totty WG (Richmond, VA). 


With the use of newer techniques such as MR imaging and cine 
CT, interest in imaging the patellofemoral joint has markedly increased 
in recent years. We will present examples that demonstrate the 
relative advantages and disadvantages of the various techniques 
used to image the patellofemoral joint. These will include plain film 
radiography, bone scintigraphy, arthrography, arthro-CT, cine CT, 
MR imaging (both spin-echo and gradient-echo imaging) and MRI- 
arthrography (using gadolinium-DTPA and other contrast agents). A 
videotape will be provided demonstrating the efficacy of selected 
techniques in the evaluation of knee motion. 


Silver Medal Exhibit 


Computed tomography and magnetic resonance imaging of the 
pediatric orbit. Hopper KD, Mayer JS, Sherman JL, Haas DK (Her- 
shey, PA). 


The increasing applications of computed tomography and magnetic 
resonance imaging of the orbit have had a dramatic impact in pediatric 
neurophthalmology. This heavily illustrated exhibit presents an exten- 
sive review of congenital anomalies and orbital pathology in the 
pediatric patient. Congenital diseases discussed include neurofibro- 
matosis, craniostenosis, septo-optic dysplasia, colobomas, microph- 
thalmos, anophthalmos, fibrous dysplasia, and meningoceles. Dis- 
ease of the globe center around the differentiation of retinoblastoma 
from the other causes of leukokoria, such as Coat disease, PHPV, 
retrolental fibroplasia, retinal detachments, and sclerosing endoph- 
thalmitis. Inflammatory and infectious diseases of the orbit include a 
discussion of pediatric Graves disease, pseudotumor, optic neuritis, 
orbital cellulitis, and subperiosteal abscess. A review of orbital trauma 
includes fractures, intraorbital injury, and foreign bodies. Primary 
tumors of the pediatric orbit include rhabdomyosarcomas, dermoids 
and epidermoids, varices, AVMs, hemangiomas, lymphangiomas, 
lymphoma, leukemia, melanoma, osteomas, teratomas, meningio- 
mas, optic nerve gliomas, neuromas and schwannomas, and lacri- 
minal gland tumors. Secondary tumors of the orbit include mucoceles, 
neuroblastoma, histiocytosis, Ewing sarcoma, Wilms tumor, midline 
granulomas, and invasion from adjacent facial tumors. 


Bronze Medal Exhibit 


Photostimulable phosphor radiography for gastrointestinal ex- 
aminations. Cox GG, Lee KR, McMillan JH, Siege! EL, Baxter KG, 
Bialek J (Kansas City, KS). 


Photostimulable phosphor radiography (Digiscan, Siemens) has 
been extensively evaluated for gastrointestinal examinations. A digital 
fluoroscopy system (Sireskop 5, Siemens) also was used. Digital 
fluoroscopic images are obtained by digitizing the video progressive 
scan circuit (1K X 1K x 8 bits). The selected film hardcopy recordings 
of the digitized fluoroscopic images are recorded on a laser printer. 

Image quality of conventional spot films is compared with that of 
the photostimulable phosphor cassette hardcopy and that of the 
digitized progressive scans recorded by the laser printer. 


Certificate of Merit Exhibits 


Increased renal parenchymal echogenicity: causes in pediatric 
patients. Kraus RA, Gaisie G, Young LW (Akron, OH). 


Lymphatic air embolization: reappraisal of the pathogenesis of 
systemic air embolization. Allen B, Royal SA (Birmingham, AL). 


Sonography of normal and abnormal pediatric renal allograft. 
Siegel MJ, Surratt JT, Middleton WD (St. Louis, MO). 


Magnetic resonance imaging of normal bone marrow in children: 
age and sex related variation in signal intensity. Hall TR, Boechat 
MI, Kangarloo H (Los Angeles, CA). 


Age and sex differences in the geometry of the femoral neck: 
going beyond bone mineral analysis. Scott WW Jr, Beck TJ, Ruff 
CB, Plato CC, Tobin JD (Baltimore, MD). 


Bleeding complications of femoral catheterization: CT evaluation. 
Trerotola SO, Kuhlman JE, Fishman EK (Baltimore, MD). 


Ultrafast computed tomography for the detection of cardiac tu- 
mors and intracardiac and proximal pulmonary artery thrombo- 
embolism. Stanford W, Rooholamini M, Krachmer M, Galvin J (lowa 
City, IA). 


Angiographic diagnosis and therapy of complications of central 
venous catheterizations. Tisnado J, Prasad U, Shah S (Richmond, 
VA). 
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MR imaging of the hypothalamus: anatomy and pathology. Loes 
DJ, Barloon TJ, DeLaPaz RL, Sato Y, Yuh WWTC (lowa City, IA). 


Imaging of congenital neck masses: correlation of embryology 
and pathology anatomy. Benson MT, Dalen K, Kerr HH, Cacciarelli 
AA, Madrazo BL, Mancuso A, Mafee M (Royal Oak, MI). 


CT and MR imaging of the central skull base. Laine FJ, Nadel L, 
Braun IF (Richmond, VA). 


Disseminated Pneumocystis carinii infection in AIDS: association 
with cystic pulmonary lesions and clinicopathologic correlations. 
Feuerstein IM, Falloon J, Polis MA, Masur H, Travis WD (Bethesda, 
MD). 


Modified localization wire for breast lesions. Ghiatas AA, Glenn 
EM, Howard W, Cruz AB, Gaskill HV (San Antonio, TX). 


Effect of data compression on diagnostic accuracy in digital chest 
radiography: an ROC study. MacMahon H, Doi K, Sanada S, Mont- 
ner SM, Giger ML, Metz CE, Yin FF, Yonekawa H, Takeuchi H 
(Chicago, IL). 


Agricultural lung. Gurney JW, Dobry CA, Unger JM, VonEssen SG, 
Mitby JK (Omaha, NE). 


The post cardiac surgery chest radiograph: a clinically integrated 
approach. Henry DA, Jolles H, Berberich JJ, Schmelzer V (Richmond, 
VA). 


Unusual appearances of the azygos lobe: value of CT. Mata J, 
Cacares J, Alegret X, Palmer J, Coscojuela P (Barcelona, Spain). 
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Internal mammary lymphadenopathy: noninvasive imaging of a 
vital (and forgotten) lymphatic pathway in breast cancer. Scatarige 
JC, Boxen | (Norfolk, VA). 


Ultrasound-guided laser ablation of liver in a chronic pig model. 
Dachman AH, McGehee JA, Beam TE, Burris JA, Powell DA (Be- 
thesda, MD). 


Choledochal cysts: imaging and percutaneous management. Sa- 
vader SJ, Benenati JF, Venbrux A, Mitchell S, Widlus D, Osterman 
F, Cameron J (Baltimore, MD). 


Rectal and perirectal diseases: endorectal sonography with path- 
ologic correlation. St. Ville EW, Jafri SZ, Rosenberg BF, Madrazo 
BL, Mezwa DG, Bree RL, Priest SG (Royal Oak, MI). 


The effects of wave front distortion on pressure distributions in 
extracorporeal shock wave lithotripsy. Hall TJ, Cox GG, Insana 
MF, Soller NM, Rosenthal SJ (Kansas City, KS). 


Radiographic caricatures of disease as a teaching aid. Pantoja E, 
Kabler C, Pantoja CJ (Dayton, OH). 


MRI and MIBG imaging of pheochromodytomas and extraadrenal 
paragangliomas. Van Gils AP, Falke TH, Arndt JW, Sandler MP 
(Leiden, The Netherlands). 


Sonography of adnexal torsion. Madrazo BL, Jafri SZ, Shirkhoda 
A, Danforth R, Roberts JL (Royal Oak, MI). 


The biopsy gun. Hopper KD, Baird DE, Parker SH, Tyler HJ, Mott 
PJ, Reddy V, Ownbey J (Hershey, PA). 
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American Roentgen Ray Society New Members 


At the 1990 annual meeting of the American Roentgen Ray 
Society (ARRS) in Washington, DC, 350 applicants were 
elected to active membership and 31 to corresponding mem- 
bership. Four hundred seventy applicants were added to in- 
training membership during the year preceding the 1990 
annual meeting. The following members were elected to life 
membership in recognition of their contributions to the society 
and the specialty of radiology: John W. Dennis, Raymond A. 
Gagliardi, and Elliott C. Lasser. 

Active members of the society must be graduates in good 
standing of an approved medical or osteopathic school or 
hold an advanced degree in one of the physical, chemical, or 


biologic sciences. They must be board certified, active in 
radiology or one of its branches in the United States or 
Canada, and sponsored by two ARRS members. 

Members-in-training are physicians in a radiology residency 
or in a postresidency fellowship program. 

Corresponding members are physicians residing in foreign 
countries who are active in the science of radiology or allied 
sciences. 

An application form is printed elsewhere in this issue or 
may be obtained by writing: Paul Fullagar, Executive Director, 
American Roentgen Ray Society, 1891 Preston White Dr., 
Reston, VA 22091. 


Active Members 


Mark J. Adams, Fairport, NY 

Luis M. Albuerne, Beaumont, TX 

Judith K. Amorosa, Somerville, NJ 
Samuel M. Andelman, Monkton, MD 
John W. Anderson, East Lansing, MI 
Ernesto V. Angtuaco, Youngstown, OH 
Thomas G. Armbuster, Fort Wayne, IN 
Sara Arnold, West Allis, WI 

Robert J. Ashenburg, Syracuse, NY 
Gary T. Augustyn, Ann Arbor, MI 
George Nicholas Baldwin, Salt Lake City, UT 
Mack K. Bandler, Medford, OR 

Lori Lee Barr, Cincinnati, OH 

Janet K. Baum, Boston, MA 

Kirkman G. Baxter, Leawood, KS 

Nabil R. Bechai, Toronto, Ont., Canada 
Jayant R. Bhagat, Windsor, CT 
Anuradha Bhasin, Baltimore, MD 
Barbara P. Biber, Worcester, MA 
William J. Birck, Missoula, MT 

John H. Bisese, Atlanta, GA 

George S. Bissett III, Cincinnati, OH 
Johan G. Blickman, Boston, MA 

James E. Bosworth, Virginia Beach, VA 
Eugene E. Bourne, Englewood, CO 
James G. Bova, Columbus, OH 
Raymond E. Bozman, Chesapeake, VA 
Eric L. Bressler, Bloomington, MN 
Stephen K. Brinley, Florence, AL 

G. H. Brister, Wausau, WI 

Cynthia A. Britton, Pittsburgh, PA 
Gwynne T. Brunt, Jr., Atlanta, GA 

F. Martin Brutvan, South Milwaukee, WI 
William Yongue Buchanan, Jr., Albuquerque, NM 
Charles M. Burkett, Ormond Beach, FL 
Charles H. Bush, New York, NY 

Judy S. W. Caines, Halifax, N.S., Canada 
James F. Caravelli, New York, NY 
Gilda Cardenosa, Chelsea, MA 
Lawrence Carl, Teaneck, NJ 

Hal K. Carter, Grosse lle, MI 

Kathryn M. Chan, Ann Arbor, MI 
Victoria Chang, Potomac, MD 

Jane Clayton, New Orleans, LA 

Cathy S. Cohen, Pittsburgh, PA 

Chad R. Cohen, Beachwood, OH 
Robert E. Cook, Carson, CA 

Neil B. Cooper, Dunwoody, GA 
Thomas F. Craven, Ft. Thomas, KY 
Nancy S. Curry, Mt. Pleasant, SC 
Isadore J. Czosniak, Thornhill, Ont., Canada 
Horacio B. D'Agostino, San Diego, CA 


Frederick K. Dean, South Bend, IN 
Diane H. DeLoach, Arlington, VA 
Edward H. De Mouy, New Orleans, LA 
Thomas J. Dempsey, Memphis, TN 
Charles A. DePena, Coopersburg, PA 
Linda L. Dew, Chicago, IL 

David D. Diment, Las Vegas, NV 
Stephen L. Done, Seattle, WA 

C. lan Doris, Dundas, Ont., Canada 
Howard L. Dorne, Irvine, CA 

Ramesh D. Doshi, Roanoke, VA 
James S. Dugal, Opelousas, LA 

Joel S. Dunnington, Houston, TX 
Raymond B. Dyer, Winston-Salem, NC 
Dean C. Easton, Las Vegas, NV 

John Paul Eberts, Temple, TX 

David R. Eckmann, St. Paul, MN 
Douglas F. Eggli, Hershey, PA 
Kathleen D. Eggli, Hershey, PA 
Frederick M. Ehmke, Ocala, FL 

David J. Eisner, Ogdensburg, NY 
Christopher J. Ellerbroek, Des Moines, IA 
Saba J. El Yousef, Upland, CA 

James S. Erwin, Winona, MN 

W. P. Evans Ill, Dallas, TX 

Michael C. Farah, Royal Oak, MI 
David G. Farthing, Tuba City, AZ 
Richard S. Feinstein, Princeton, NJ 
Irwin M. Feuerstein, Bethesda, MD 
John P. Finn, Brookline, MA 

William N. Floyd, Jr., Houston, TX 
William L. Foster, Jr., Raleigh, NC 
Kenneth W. Fraser, Medford, OR 
Maija G. Freimanis, Wilmette, IL 
Laszlo A. Fried, Halifax, N.S., Canada 
Mark H. Fritze, Oklahoma City, OK 
John D. Fulco, Schenectady, NY 

John W. Gareis, Lancaster, PA 
Abraham A. Ghiatas, San Antonio, TX 
Perry M. Gilbert, Chicago, IL 

Susan H. Gilkey, Evanston, IL 
Edgardo |. Giminez, Durham, NC 
Renee Fitzmorris Glass, San Diego, CA 
Harvey Stanford Glazer, St. Louis, MO 
Marc F. Glickstein, Glastonbury, CT 
Richard M. Goldberg, Sarasota, FL 
Ronn E. A. Goldburg, Thornhill, Ont., Canada 
Howard A. Gorell, Lakeland, FL 

Elaine S. Gould, Manhasset, NY 

J. Geary Grantham, Boulder, CO 
Jeffrey J. Greenberg, Columbus, OH 
Adam Greenspan, Sacramento, CA 
Dondeena R. Griffiths, Havertown, PA 
Cooper R. Gundry, Charlotte, VT 


Marvin Guter, Richmond, VA 

Carlos R. Gutierrez, Houston, TX 
Kathleen P. Halton, New York, NY 
Paul A. Hamilton, Toronto, Ont., Canada 
Bokyung K. Han, Chicago, IL 

Darwood B. Hance, Bakersfield, CA 
John V. Hanson, Billings, MT 

Robert L. Hanson, Walla Walla, WA 
John S. Harding, South Bend, IN 
Gordon F. Harms, Rochester, MN 

Marj M. Heare, Gainesville, FL 

Claire A. Hibbard, Bronx, NY 

John Allen Hicks, Davis, CA 

Thomas J. Hicks, Fort Wayne, IN 
David J. Hilleren, Durham, NC 

Pamela L. Hilpert, Philadelphia, PA 
Joseph H. Hise, Temple, TX 

B. Leonard Holman, Boston, MA 

Brian A. Howard, Toronto, Ont., Canada 
Chung Ta Hsin, Honolulu, HI 

Tim B. Hunter, Tucson, AZ 

Julius Hurwitz, Richmond, VA 

Lowell M. Hurwitz, New Orleans, LA 
Debra M. Ikeda, Ann Arbor, MI 

Nasir M. Jaffer, Don Mills, Ont., Canada 
Diego Jaramillo, Brookline, MA 

Samuel J. Jassenoff, Farmington Hills, MI 
Tyre K. Jones, Essexville, MI 

Henry H. Kanemoto, Wausau, WI 

Alan J. Kaufman, Nashville, TN 

Dennis Kay, Metairie, LA 

Steven H. Klein, Montgomery, AL 

John A. Knote, W. Lafayette, IN 
Kenneth P. Korte, Eden Prairie, MN 
Susan Krysiewicz, New York, NY 
Richard T. Kubota, Richmond, VA 
Matthew J. Kuhn, Springfield, IL 

Arvind K. Kumra, Alta Loma, CA 

Marie G. N. Latour, Bala Cynwyd, PA 
David A. Lehman, Jackson Heights, NY 
Daniel E. Lewis, Columbus, OH 

Robert P. Lieberman, Omaha, NE 
Kerry M. Link, Winston-Salem, NC 
Sherman S. Lipschitz, New York, NY 
Andrew W. Litt, New York, NY 

Carl E. Lopez, Portland, OR 

Waldo E. Lopez, Rio Piedras, PR 
Richard A. Losada, Levittown, NY 
William D. Ludwig, Springfield, MO 
Vinay A. Luthra, Wausau, WI 

John J. Lynch, West Islip, NY 

Beatrice L. Madrazo, Royal Oak, MI 
William H. Magnuson, Toronto, Ont., Canada 
William M. Mahony, Wausau, WI 
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Philip S. Man, Bel Alton, MD 

Michael J. Mandell, Hershey, PA 

Valerie S. Mandell, Boston, MA 

George H. Martindale, Mobile, AL 
Charles C. Matthews, Harahan, LA 
Gregg R. Mattison, Fort Wayne, IN 

Kevin P. McNamara, Corte Madera, CA 
Jon W. Meilstrup, Hummelstown, PA 
Abbe D. Mendlowitz, Silver Spring, MD 
G. Andrew Meyer, Durham, NC 

Peter M. Mezzacappa, Staten Island, NY 
Alexander S. Michael, Chicago, IL 
Steven H. Millmond, Baltimore, MD 
Michael J. Mitchell, Halifax, N.S., Canada 
George D. Momii, El Paso, TX 

Steven M. Montner, Chicago, IL 

Sheila G. Moore, Los Gatos, CA 

Franklin J. Mooring, Rutherfordton, NC 
Frank E. Mork, Jr., Edina, MN 

John W. Mortensen, Loma Linda, CA 
Robert W. Nance, Jr., Henderson, NV 
Eric W. Neils, Cincinnati, OH 

Rendon C. Nelson, Atlanta, GA 

Richard S. Nenoff, Albuquerque, NM 
Keith R. Olbrantz, Asheville, NC 

Robert A. Olshaker, Oakland, CA 

David L. Olson, Whitefish Bay, WI 
Robert G. Oppenheimer, Burlington, VT 
Mark J. Ormson, Pittsburgh, PA 
Raymond L. Osborne, Jr., Durham, CT 
Eric M. Padua, Los Angeles, CA 

Juan C. Pallares, McAllen, TX 

Yuri R. Parisky, Los Angeles, CA 

Seung K. Park, Katy, TX 

Deodutt V Patel, Painesville, OH 

Randall M. Patten, Bellevue, WA 

Jay L. Pearlberg, Southfield, MI 

James M. Pearson, Biloxi, MS 

Robert B. Poster, Syracuse, NY 

Howard |. Potash, University Heights, OH 
Anselm B. Pottmeyer, Metairie, LA 
Manuel S. Raagas, Brookline, MA 

Mark W. Ragozzino, Wilmington, NC 
Bahram Raofi, Burr Ridge, IL 

James C. Reed, Winston-Salem, NC 
Michael D. Reitz, La Crescenta, CA 
Michael Angelo Riccione, Beavercreek, OH 
Dan N. Richardson, Albuquerque, NM 
Hans O. Riddervold, Keswick, VA 

Mark S. Ridlen, Chicago, IL 

Lawrence H. Robinson, Houston, TX 
Robert R. Roper, Mobile, AL 

Joel D. Rubenstein, Toronto, Ont., Canada 
Mark S. Russell, Hot Springs, AR 

Larry R. Sadler, Pittsburgh, PA 

David A. Saks, Ocean Ridge, FL 

Faysal A. Saksouk, Durham, NC 

Jose A. Saldana, San Antonio, TX 

Taube H. Samuels, Toronto, Ont., Canada 
Robert H. Santee, Chattanooga, TN 
Russ M. Savit, Havertown, PA 

Alan E. Schlesinger, Ann Arbor, MI 
Robert A. Schmidt, Chicago, IL 

Scott J. Schulte, Seattle, WA 

Bernard G. Schupbach, Aurora, IL 
Michael L. Schwartz, Detroit, MI 

John Bayne Selby, Jr., Charlottesville, VA 
Jane C. Share, Boston, MA 

Michael C. Shaw, Tampa, FL 

Ashwin K. Shetty, New Orleans, LA 
Harry S. Shulman, Toronto, Ont., Canada 
Daniel B. Shumaker, Detroit, MI 

Michael H. Siegel, Brooklyn, NY 

Martin L. Silbiger, Lilburn, GA 

Antonio Simao, Edmonton, Alta., Canada 
Sudarshan K. Singla, New Rochelle, NY 
Theresa J. Small, Williamsville, NY 

John R. Sorenson, Wausau, WI 


ARRS NEW MEMBERS 


H. Burton Spangler, Houston, TX 

Paul W. Spirn, Philadelphia, PA 
Charles E. Spritzer, Durham, NC 

H. Philip Stalker, Birmingham, AL 
Randall H. Stickney, Tulsa, OK 

Jerry Stolzenberg, Miami, FL 

Janet M. Storella, Washington, DC 
William H. Straub, Pittsburgh, PA 
Margaret A. Stull, Washington, DC 
Richard F. Sullivan, Gaithersburg, MD 
Sudhir K, Suneja, Bethesda, MD 
Larry N. Sweet, San Rafael, CA 
Randall S. Teague, Asheboro, NC 
Kurt E. Tech, Grosse Pointe Farms, MI 
Gary A. Thieme, Hummelstown, PA 
Christopher L. Tillotson, Minneapolis, MN 
Terry L. Tomlinson, Vacaville, CA 
Richard J. Tully, Loma Linda, CA 
Christopher G. Ullrich, Charlotte, NC 
Karim Valji, La Jolla, CA 

Datla G. K. Varma, Houston, TX 
Alexander D. Vellet, London, Ont., Canada 
Kevin H. Voss, Travis AFB, CA 

David M. Warshauer, Chapel Hill, NC 
John B. Weigele, Syracuse, NY 
Timothy J. Welch, Rochester, MN 
Cliff J. Whigham, Jr., Houston, TX 
Charles W. White, San Diego, CA 
Richard D. White, Shaker Heights, OH 
Cornelius W. Wiens, Edina, MN 
Edwin R. Willgress, Jr., Pensacola, FL 
Richard A. Williams, Santa Cruz, CA 
Russell S. Williams, Mobile, AL 
Steven J. Willing, Louisville, KY 
Thomas M. Wilmot, Winona, MN 
Cynthia E. Withers, Toronto, Ont., Canada 
W. Gregory Wojcik, Houston, TX 
Andrij R. Wojtowycz, Syracuse, NY 
Elaine Wolk, Moorestown, NJ 

Paul Yan, Edmonton, Alta., Canada 
Joseph M. Yee, Woodside, NY 
Jeffrey M. Zerin, Ann Arbor, MI 

Jack A. Ziffer, Atlanta, GA 


Active Members (Formerly 
In-Training) 


Jack Baker, Nashville, TN 

Karen S. Baker, Lexington, KY 
Douglas E. Barnes, Green Cove Springs, FL 
Jennifer A. Bender, Chesapeake, VA 
Joseph E. Bernstein, Cincinnati, OH 

D. Burdeny, Sioux Falls, SD 

Philip R. Carlson, Wilkesboro, NC 
Vinod Nanik Chabliani, Pittsburgh, PA 
Allen Edward Chantelois, Denver, CO 
Stephen M. Cohen, Cherry Hill, NJ 
John A. Davis, St. George, UT 
Matthew M. Eisenstein, Skokie, IL 
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Letters 





Foot-in-Mouth Disease No April Fools’ Joke 


“Foot-in-mouth disease” [1] as reported in the April 1990 issue of 
AJR may be the most amusing CT artifact yet encountered, but it is 
also real! We have encountered two examples of this artifact, one of 
which is illustrated in Figure 1. The explanation for this phenomenon 
lies in the method of calibration. The scanner model used by Drs. 
Sprecher, Steinberg, and Serchuk (personal communication) and at 
one of our hospitals requires that an air calibration be performed 
several times each day. This is done most appropriately when no 
patient is in the scanning room. However, if a patient is on the 
scanning table, the technologist may simply retract the table from the 
scanner gantry before doing the calibration. The artifacts occur when 
the table is withdrawn but a portion of one of the patient’s feet 
remains within the gantry during calibration. 

The calibration program attempts to correct for false heterogenei- 
ties in the images by assuming that no object is within the field, 
correcting the nonuniformities in the reconstruction, and superimpos- 
ing these corrections on subsequently scanned slices. In these cases, 
the foot is subtracted from the rest of the scans to compensate for 
this supposed field nonuniformity. If the air calibration is simply 
repeated correctly, the object disappears from later images. The 
patient can thus avoid surgery for excision of the offending foot. 

Lincoln L. Berland 
University of Alabama Hospital 
Birmingham, AL 35233 





A B 


Fig. 1.—A, Negative defect of foot superimposed on chest scan, caused 
by faulty air calibration. 

B, Same defect viewed on a different slice and at a readjusted window 
and level setting to highlight bones of the foot. 
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Reply 


We are most grateful to Dr. Berland for his acute analysis of how 
our patient's foot found its way into the abdomen. It remains some- 
what curious that it is always the left foot that is the offending 
appendage. However, our statisticians assure us that because of the 
small sample size, this inference is unwarranted. 

For those diehards who prefer our original explanation, may we 
contend that apparently foot-in-mouth disease is not restricted to 
Brooklyn (an area of the country long famous for the violence its 
inhabitants inflict daily on the English language)? It seems that this 
disorder has extended even to the patrician and eloquent South! 

Stanley Sprecher 

Richard Steinberg 

Leon Serchuk 

Peninsula Hospital Center 
Far Rockaway, NY 11691 


lonic vs Nonionic Contrast Media: A Proposal 


Discussions of the relative cost, benefits, and toxicity of low- 
osmolality vs high-osmolality contrast media for IV administration 
should focus on a third option: use of low-osmolality media for high- 
risk patients and use of high-osmolality media with steroid pretreat- 
ment for all others. 

If cost were not a factor, low-osmolar media should be used 
universally. However, such use might require an expenditure of $1 
billion each year [1], money that might better be spent on alternative 
radiologic [2], or other health-related measures. 

In 1987 [3], we compared the occurrence of reactions to contrast 
medium in patients pretreated with a two-dose regimen of cortico- 
Steroids (32 mg of methylprednisolone given 12 hr and 2 hr before 
injection of IV contrast medium), patients receiving a single one-dose 
regimen 2 hr before injection, and patients receiving a placebo with 
a matching two-dose or one-dose schedule. For all categories of 
reactions, the two-dose regimen conferred significant protection 
when compared with the one-dose and placebo regimens. The steroid 
pretreatment appeared to be safe in the dosage used. Thus, wide- 
spread use of corticosteroid pretreatment would be expected to 
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reduce adverse reactions to contrast media while inducing few, if 
any, toxic effects. 

In a large study by H. Katayama et al. [4], that compared ionic and 
nonionic IV contrast media, 87% of the patients previously had 
received contrast medium uneventfully (i.e., no adverse reactions) or 
had never received contrast material before. In an additional 7%, the 
history was unknown. In this study, “severe reactions” occurred in 
0.20% of the patients who received ionic media and in 0.03% of the 
patients who received nonionic media. 

In our study [3] on pretreatment with corticosteroids, 93% of the 
patients had not had a reaction to contrast material when they had 
received it previously (30%) or had never received contrast material 
before (63%). In this study, patients who had the most severe signs 
and symptoms were categorized as grade Ill. These grade Ill reac- 
tions included not only the four signs and symptoms used by Katay- 
ama et al. for their definition of “severe” reactions (dyspnea, sudden 
fall in blood pressure, cardiac arrest, loss of consciousness) but also 
seven other signs and symptoms. In the patients who had not reacted 
before or had not received contrast media before, grade Ill reactions 
were observed in 0.48% (19/3941) of those in the combined one- 
dose or placebo group vs 0.04% (1/2340) of those in the two-dose 
group (p = .006, chi-square for association). Therefore, it appears 
that a benefit similar to that of using nonionic media could be obtained 
in previously nonreacting or unexposed patients for far less cost by 
using ionic media with corticosteroid pretreatment. 

Suggestions for the selective use of low-osmolality media in certain 
higher-risk patients have been made by the Committee on Drugs of 
the American College of Radiology and by others. These suggestions 
can be tailored for use in various facilities in accordance with local 
logistics. In the rest of the patients, universal treatment with cortico- 
steroids before the IV injection of ionic media should be considered. 
For individual patients not in a defined high-risk group for which 
logistic considerations preclude pretreatment, the use of low-osmo- 
lality media also might be considered. Most patients do not fall into 
high-risk categories, and, overall, it appears that a plan of this kind 
could result in a considerable monetary savings. At the same time, 
patients would be provided with a degree of safety that approximates 
that that would be available if low-osmolality media were used uni- 
versally. 

We are aware that many hospitals or private offices already are 
following a regimen similar to the one suggested in this letter. We 
would be most grateful for any data on the results that have been 
obtained and/or problems that have been encountered. 

Elliott C. Lasser 

Charles C. Berry 

University of California, San Diego 
La Jolla, CA 92093 
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Nonionic vs lonic Contrast Media: Corticosteroid 
Pretreatment in a Private Practice 
in November 1987, after Lasser et al. published their article [1] on 


pretreatment with corticosteroids before use of ionic contrast mate- 
rial, my colleagues and | adopted a protocol for patients having IV 
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contrast studies. High-risk patients and those who could not be 
pretreated because of lack of time were given nonionic contrast 
media. All others were given 40 mg of oral prednisone 12 hr and 2 hr 
before they received ionic IV contrast material. High-risk patients 
were defined as those who had a history of diabetes, renal impair- 
ment, or multiple myeloma or were older than 70 years or younger 
than 2 years. Additionally, patients who previously had had a reaction 
consisting of more than two or three hives when they received 
contrast material were given a 3-day pretreatment. Three times each 
day, for 3 days, they ingested 50 mg of Benadryl (diphenhydramine), 
10 mg of prednisone, and 250 mg of Tagamet (cimetidine); all these 
patients were given nonionic contrast material. Since 1987, we have 
used this approach in two private hospitals and one free-standing 
imaging center in our private practice. The steroid medications have 
been dispensed without charge to the patient at the hospital and 
imaging center pharmacies (cost, approximately 28¢ per patient). 

Our reasons for adopting the protocol were to institute use of the 
then newly available nonionic contrast media and yet avoid the cost 
of total conversion to these media without increasing the risk of 
adverse reactions by patients. At first, | gave lectures to the medical 
and nursing staff and wrote letters outlining reasons for the protocol 
to the medical staff and elicited their support. In an audit performed 
in August 1988, overall compliance for pretreatment was 80%; a 
second audit done in November 1988, after additional educational 
efforts, showed 97% compliance. We have not kept detailed records 
on the prevalence of adverse reactions to contrast material; however, 
to our knowledge, no serious reaction has occurred in any of the 
patients. lonic contrast material and corticosteroid pretreatment were 
used in approximately 50% of patients (49% in the first audit and 
47% in the second audit). The most frequent reasons for use of 
nonionic contrast material were the patient’s age and lack of time for 
the pretreatment. With approximately 600 patients having contrast 
studies each month (IV pyelograms and CT scans), considerable 
financial savings have been achieved. We estimate that this approach 
saves $30,000 each month or $360,000 each year compared with 
the cost of using nonionic contrast material in all patients. If our 
experience is applicable to the entire nation, the estimated cost of 
$1.1-1.2 billion for a total conversation to nonionic contrast material 
would be reduced by $600 million [2]. 

Our experience shows that patient compliance can be achieved 
and that referring physicians are willing to accept the pretreatment 
plan. It also provides a solution to radiologists who face the difficult 
questions of patients’ safety and the expense of using contrast media. 
We have continued our protocol because, as shown by Lasser and 
his colleagues, using ionic contrast material after pretreatment with 
corticosteroids is as safe as using nonionic contrast material without 
pretreatment [2]. 

Charles E. Seibert 
Swedish Medical Center 
Englewood, CO 80150-0101 
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Diffuse Centrilobular Lesions of the Lung Caused 
by Staphylococcus aureus in Two 
Immunocompromised Patients 

Accurate localization of pathologic changes within the lobules could 


be helpful in the differential diagnosis of certain parenchymal lung 
diseases [1]. Although conventional chest radiographs and standard 
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CT scans provide little such information, high-resolution CT allows 
the localization of disease processes within the lobule. We report two 
cases of Staphylococcus aureus pneumonia in which high-resolution 
showed widespread centrilobular consolidation. 

A 36-year-old man was admitted with adenocarcinoma of the lung 
and brain metastases. Combination chemotherapy (cisplatin, 5-fluo- 
rouracil, and etoposide) was started. Ten days later, chills, fever, 
cough, and purulent sputum developed. Plain chest radiographs 
showed extensive nodular or patchy consolidation, especially in the 
right lower lobe. High-resolution CT showed the widespread presence 
of rounded poorly defined nodules, especially in the right lower lobe 
(Fig. 1A). Staphylococcus aureus was cultured from both sputum and 
bronchoalveolar lavage fluid. A similar pattern of pulmonary infiltration 
was found in a 45-year-old woman with adult T-cell leukemia who 
had received combination chemotherapy. High-resolution CT showed 
widespread centrilobular infiltrates, especially in the right lower lobe 
(Fig. 1B), and S. aureus was cultured from the sputum. Antibiotic 
therapy was started in both cases, and later radiologic evidence of 
improvement was noted. 

It has been suggested that the centrilobular region or the area 
around the terminal or respiratory bronchioles can be recognized on 
high-resolution CT [1, 2]. Some processes Causing air-space consol- 
idation, such as bacterial pneumonia and pulmonary hemorrhage, 
have been reported to extend on the basis of these units ry 2h 
Centrilobular disease is characterized by poorly defined areas of 
increased attenuation in the centrilobular region on high-resolution 
CT, and such changes are seen in mycoplasma/pneumonia, pulmo- 
nary cryptococcosis [2], acinonodose tuberculosis [1], Pneumocystis 
carinii pneumonia in AIDS, and gram-negative bacillary pneumonia 
[2]. Among the pathogens producing hospital-acquired pneumonia 
with centrilobular consolidation, S. aureus and gram-negative bacilli 
are important. However, previous reports on pneumonia caused by 
gram-negative bacilli have indicated that centrilobular consolidation 
was present in only a small part of the total area affected [2, 3]. In 
contrast, as in our experience, staphylococcal pneumonia shows a 
uniform dissemination of less confluent opacities throughout the 
affected lung parenchyma. Our cases show that staphylococcal 
pneumonia in immunocompromised patients can present as a diffuse 
disseminated centrilobular consolidation. This pattern on high-reso- 
lution CT may be helpful in differentiating the pathogens causing 
pulmonary complications in immunocompromised hosts. 


Jiro Fujita 
Katashi Sato 





Fig. 1.—High-resolution CT scans of diffuse centrilobular pulmonary 
lesions caused by Staphylococcus aureus in two immunocompromised 
patients. 

A, Scan in one patient shows rounded, poorly defined nodular opacities, 
especially in right lower lobe. Nodules were size of acini. 

B, Scan in other shows rounded, poorly defined nodular areas of con- 
solidation, especially in right lower lobe. 
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Yuuki Hata 

Yasufumi Yamaji 
Hiroyuki Nakamura 
Taiichi Shiotani 

Shozo Irino 

Kagawa Medical School 
Kagawa, 761-07, Japan 
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Value of Clinical History 


| read with considerable interest the paper by Good et al. [1], 
“Does Knowledge of the Clinical History Affect the Accuracy of Chest 
Radiograph Interpretation?” This study would seem to show that 
Clinical history is not important in the interpretation of radiographs. 
However, | see a number of problems with the study design. To begin 
with, the number of positive cases is much higher (79 normal, 168 
abnormal) than is encountered in daily practice. This should bias the 
observer toward finding an abnormality. The second problem is the 
way the study was conducted. The radiologist supposedly was given 
no history but basically was given history, as three questions were 
asked: (1) Is there a pulmonary nodule? (2) Is there interstitial lung 
disease? (3) Is there a pneumothorax? Thus, the radiologist was 
biased to search for these findings and, in essence, was provided 
with a clinical history. It is much simpler to answer such a direct 
question than it is to answer a more general question—lIs this chest 
radiograph normal or abnormal?—particularly if only a few abnormal 
cases are included in a large group of normal ones. The authors 
mention the difficulty of constructing an experiment to address this 
more cogent problem. 

Another major problem occurs in any study such as this that 
purports to show that the clinical history is not important. The role of 
the radiologist is basically two-pronged: first, making an accurate 
observation and second, determining the importance or meaning of 
that particular observation. Clinical history probably plays a relatively 
minor role (although | think an important one) in making the obser- 
vation. However, it plays a major role in the interpretation of obser- 
vations. The true mettle of the radiologist is measured when an 
observation is made that might yield a differential diagnosis of 10 or 
15 different entities. With appropriate clinical information. the radiol- 
ogist often can whittle this large number of possibilities down to one 
or two and direct an expedient approach toward arriving at a true 
diagnosis. 

Wallace T. Miller 
Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 
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Reply 


Dr. Miller notes that the ratio of abnormal to normal cases in our 
Study [1] is higher than that encountered in “daily practice.” However. 
this ratio differs from institution to institution. At our own. for example, 
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at least in certain units, the ratio of abnormal to normal cases is not 
unlike that reflected in our study. We also would like to emphasize 
that the number of “normals” in the study is not truly represented by 
number of “purely normal” cases (i.e., the 79 cases we examined in 
which no evidence of any of the abnormalities was seen). For exam- 
ple, a case of “nodule only” served also as a control for interstitial 
disease and pneumothorax. Therefore, for each abnormality, the 
number of controls used in the analysis was significantly larger than 
79. In our study, the ratios of control to abnormal findings were 148 
to 99, 187 to 60, and 189 to 58 for interstitial disease, nodule, and 
pneumothorax, respectively. 

Dr. Miller thinks that because three specific abnormalities (intersti- 
tial disease, nodule, and pneumothorax) were investigated, we did, 
in fact, provide a “history” of sorts to the reader. These three 
possibilities were provided in a form similar to a checklist for every 
case. Qualitatively, this is not the same situation radiologists face in 
the reading room when they see, for example, “Pneumothorax?” on 
a specific requisition form when there is a clear suspicion for it in that 
case. Although our observers were searching for specific abnormali- 
ties, we do not think that this fact invalidated our findings. In addition, 
attempting to answer the general question, Is this case normal or 
abnormal?, which Dr. Miller claims is a more difficult task, would limit 
a study of this type much more severely than did the cues we 
provided. We discuss this matter in detail in a recent article [2]. 

Despite the general belief and strong feelings on the part of many 
radiologists that knowledge of the clinical history is extremely impor- 
tant (a study of our own emphasized this point to us [3]), no scientific, 
objective, and comprehensive data are available to support Dr. Mill- 
er's statement that such knowledge of the history “plays a major role 
in the interpretation of observations.” Our work, the largest study of 
this type to date that we are aware of, addressed mainly the issue of 
detection. We can all agree that if radiologists do not detect, they 
cannot interpret. In our particular and specific study, clinical history 
did not affect detection; we cannot make any claims to knowing what 
effect it might have on interpretation. We do wonder, however, how 
often, in the “narrowing down” process that may occur during the 
interpretation segment of a reading, the effect of knowing a patient's 
clinical history may lead to wrong conclusions. 

Many assumptions based on personal experience or anecdote 
often prove to be untrue or only partially true when they are examined 
methodically. We do not purport to have performed a study that 
answers the question of whether any type of patient information helps 
or hinders diagnostic accuracy under any conditions, only whether a 
certain type of history in certain cases helps or hinders it. 

David Gur 

Barbara Good 

Lawrence A. Cooperstein 
University of Pittsburgh 
Pittsburgh, PA 15261 
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Dysphagia Caused by Acute Leukemic Infiltration 
of the Esophagus 


Abnormalities of the esophagus in patients with leukemia occur 
relatively frequently, usually because of opportunistic infections. We 
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Fig. 1.—A, Esophagogram shows a midesophageal stricture and polyps 
(arrows) in upper and lower thirds of esophagus. 

B, CT scan through level of stricture shows tumor diffusely infiltrating 
esophagus. 


recently saw a 73-year-old man with a history of anorexia and weight 
loss who had had dysphagia for 3-4 weeks. Barium examination 
showed a high-grade stricture of the midesophagus and polypoid 
lesions in the upper and lower thirds of the esophagus (Fig. 1A). CT 
showed circumferential thickening of the esophageal wall and no 
extension of tumor outside the esophagus (Fig. 1B). Endoscopy and 
esophageal biopsies showed that both the stricture and the polyps 
were due to a small-cell infiltrate compatible with acute leukemia. 
Bone marrow biopsy showed myelodysplasia with transition to an 
acute myeloblastic leukemia. Two months later, the patient died of 
sepsis; autopsy showed myeloblastic leukemia in the submucosa of 
the esophagus. 

Abnormalities of the gastrointestinal tract in leukemia can be 
divided into four categories: opportunistic infections, leukemic infiltra- 
tion, hemorrhagic lesions, and effects of chemotherapy [1]. Although 
diagnosis on the basis of radiologic findings is rare [2], autopsy 
studies suggest that microscopic leukemic infiltration of the esopha- 
gus occurs in up to one fourth of patients who have leukemia [3]. 
Our case was unusual because both the infiltrating and the nodular 
forms of the disease occurred in the same patient. Also, it is inter- 
esting that the esophageal disease was the initial manifestation of 
the leukemia. 

Brent C. Thompson 

Peter J. Feczko 

Duane G. Mezwa 

William Beaumont Hospital 
Royal Oak, MI 48073 
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Communicating Liver Abscesses 


Liver abscess has been described as an alarming complication of 
amoebic infestation. We recently saw a case with a communication 
between two amoebic liver abscesses, which was shown on sonog- 
raphy. 
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Fig. 1.—Oblique sagittal son- 
ogram of liver shows two hypo- 
echoic abscesses, one anterior 
(A) and one posterior (P), and a 
communicating tract (arrows) be- 
tween them. 





A 25-year-old man was referred for sonography because he had 
had pain in the right upper quadrant for 1 week. Sonograms showed 
two amoebic abscesses, 7 x 6 cm and 11 x 5 cm, in the right lobe 
of the liver. One was anteroinferior, and the other was posterolateral. 
Both were hypoechoic. No peritoneal or pleural fluid was noted, and 
the right side of the diaphragm moved normally. A narrow tract was 
present between the abscesses (Fig. 1). Flow of fluid from the anterior 
abscess to the posterior one was evident. Successful drainage of 
both abscesses was accomplished via a single puncture of the 
posterior one. 

Multiple amoebic liver abscesses are uncommon [1]. To our knowl- 
edge, no report of intercommunicating abscesses has been published 
before. 

Vimal Patel 
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Gallstone Extracorporeal Shock-Wave Lithotripsy: 
Time and Treatment Considerations 


With interest we read “Gallstone Extracorporeal Shock-Wave Lith- 
otripsy: Time and Treatment Considerations,” by Nelson et al. [1]. 
This article deals with an important issue for those involved in running 
centers for extracorporeal shock-wave lithotripsy (ESWL): time spent 
in the lithotripsy room. We agree with most of the contents of the 
article. 

However, some of the authors’ findings are based on a small 
number of patients (e.g., relation between number of gallstones and 
treatment time and between session number and treatment time). 
Therefore, we would like to provide our data, which are based on 
102 ESWL sessions with the Siemens Lithostar Plus (48 patients, 13 
men and 35 women, 3000 shock waves per patient). The average 
total time (+SD) spent in the lithotripsy room was 94 + 20 min (range, 
55-245), time before treatment was 23 + 20 min (range, 5-170), 
treatment time was 65 + 15 min (range, 35-105), and time after 
treatment was 5 + 1 min (range, 3-10). We found no significant 
differences in the three times between the first, second, third, or 
fourth sessions. Treatment time was uniform across month of treat- 
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ment (no learning curve), whereas the mean time before treatment 
decreased from 30 to 18 min (p < .05, Wilcoxon). In accordance with 
Nelson et al., we found no relation between age, sex, diameter of the 
largest stone, and time before treatment. Unlike their Study, in which 
only four patients had two (and no more) stones, we did find a relation 
between stone number and treatment time of the first session: (1) 
Spearman's rank correlation was 0.52 (p < .01) for stone category 
(1, 2, 3, 4, 5, 6-10 stones) vs treatment time, and (2) treatment time 
for 22 patients with single stones was 54 + 12 min (range, 35-80) 
vs 68 + 17 min (range, 40-105) for 26 patients with multiple stones 
(p < .01, Student's t test). 

On average, we treat one patient every 1.5 hr, and we plan 
accordingly. We recommend this to all who are involved in managing 
biliary ESWL. This is only a mean number, some flexibility should be 
allowed, as the total treatment time ranges from 60 to 120 min. 

For the ROGAL (Rotterdam Gallstone) Study Group: 
H. G. T. Nijs 

R. den Toom 

O. T. Terpstra 

University Hospital ‘Dijkzigt’ 

3015 GD Rotterdam, the Netherlands 
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Reply 


We thank the investigators from the Rotterdam Gallstone (ROGAL) 
Study group for their interest in our work and for sharing their 
experience in performing gallstone extracorporeal shock-wave litho- 
tripsy. It is interesting to learn that their data on a larger number of 
patients and procedures (102 procedures in 48 patients) reveal similar 
findings for time before treatment (Emory data, 22 + 6 minutes vs 
ROGAL data, 23 + 20 minutes), treatment time (70 + 28 vs 65 + 
15), time after treatment (6 + 2 vs 5 + 1), and total time (93 + 32 vs 
94 + 20) [1]. These various times were similar despite differences in 
machines (Donier MPL-9000 vs Siemens Lithostar Plus), protocol 
(one or two sessions vs one, two, three, or four sessions) and the 
number of shock waves administered (2000 vs 3000). Also similar to 
our results, they found no correlation between treatment time and 
date, age or sex, or between treatment times for initial session vs 
subsequent sessions. In our study, we noted a trend toward shorter 
treatment time and total gallstone volume, although 21 of the 25 
patients treated for the first time had only one stone. We wondered 
if this trend might become statistically significant in a larger popula- 
tion, but apparently this was not the case in the ROGAL study. We 
are not surprised that patients with more than one stone had longer 
treatment times than those with one stone only; our population of 
patients included only four patients with more than one stone who 
were treated for the first time. Our data suggested that larger solitary 
stones would require shorter treatment times, presumably because 
they are visualized more easily sonographically than smaller stones. 
However, we would not expect shorter treatment times for patients 
who have more than one stone as sonographic visualization would 
be more difficult and tedious, especially if the stones are small. 

Rendon C. Nelson 

Gayle A. Rowland 

William E. Torres 

Bruce R. Baumgartner 

Biliary Lithotripsy Center 

Crawford W. Long Hospital of Emory University 
Atlanta, GA 30322 
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Renal Tissue Within the Adrenal Gland Simulating 
an Adrenal Mass 


We recently had a case of an adrenal mass that, on surgical 
resection, was found to be renal tissue within the adrenal gland. To 
our knowledge, this is the only case reported in the literature. 

A 60-year-old woman with a 10-year history of hypertension had 
flank pain and hematuria. Findings on excretory urography were 
within normal limits. CT showed a mass 2 X 2 cm in the left adrenal 
gland (Fig. 1). MR imaging confirmed the presence of the left adrenal 
mass, which was pressing on the posterior margin of the left kidney. 
On T1-, intermediate-, and T2-weighted images, the signal intensity 
of the mass was similar to the signal intensity of the renal cortex. 
Plasma levels of aldosterone, renin, and epinephrine were within 
normal limits. Levels of norepinephrine, vanillylmandelic acid, and 
metanephrines were increased slightly. Angiography showed a 3-cm 
vascular mass involving the left adrenal gland. Adrenal venography 
and venous sampling of the adrenal gland confirmed the presence of 
an enlarged left adrenal gland. 

The patient had a left adrenalectomy. Findings at surgery showed 
a firm, enlarged left adrenal gland that was adherent to the left upper 
pole of the kidney. On pathologic examination, the adrenal gland had 
a normal architecture with a golden-yellow cortex and a brown 
medullary cavity. A small cystic cavity 2 mm in diameter was present 





Fig. 1.—Renal tissue simulating an adrenal mass. 

A, Contrast-enhanced CT scan shows mass (arrow) within left adrenal 
gland. 

B-D, MR images show mass has same signal intensity as renal cortex. 
B = coronal, 500/20; C = axial, 2000/30; D = axial, 2000/80. 
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within the medulla. No distinct mass or nodule was found. Migration 
of renal tubules into the adrenal gland and fusion of the kidney and 
adrenal gland were present. Morphologically, the epithelia of the cyst 
and the migrating intrarenal tubules resembled epithelium of renal 
tubular origin. The adrenal epithelial cyst stained strongly positively 
with the URO series, particularly URO-5, which stains renal tubular 
epithelium. No evidence of malignancy was seen. 

This case demonstrates the unusual migration of renal epithelial 
tissue into the adrenal gland. To our knowledge, this has not been 
reported in the radiologic or pathologic literature. We postulate ex- 
cessive migration of the kidney toward the adrenal gland and sub- 
sequent fusion of the kidney to the adrenal gland with continued 
migration of renal epithelial tissue into the gland. This Is supported 
by the angiographic findings, which show that the patient has six left 
renal arteries. In the normal embryologic development of the kidney, 
multiple renal arteries are present. In the maturation process, as the 
kidney ascends through the abdomen toward the adrenal gland, the 
renal arteries fuse to form the main renal artery [1]. In this patient, 
the presence of six renal arteries suggests some delay in renal fusion, 
with resultant cranial migration. 

Richard G. Barr 

Ronald J. Lorig 

Cleveland Clinic Foundation 
Cleveland, OH 44195 
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Midline Cyst of the Prostate 


A 24-year-old man had dysuria. Rectal examination disclosed a 
soft prostatic mass. An IV urogram was normal. Sonography showed 
a round cystic mass 3.5 x 3.2 cm in the midline within the prostate 
(Fig. 1A). CT confirmed the position of the cyst and verified that it 
was contained within the prostate (Fig. 1B). 

It is reported [1] that sonographic or CT findings can be used to 
differentiate various prostatic cysts on the basis of their relation to 
the prostate: whether they are midline or lateral, and whether they 
extend outside or are contained within the gland. Sagittal MR images 
provide the best anatomic details for this differentiation [1, 2]. Two 
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Fig. 1.—Midline prostatic cyst in a 24-year-old man. 

A, Transabdominal sonogram shows a smoothly bordered thin-walled 
anechoic mass in prostate gland, with slight indentation of base of urinary 
bladder. 

B, Contrast-enhanced CT scan shows cyst is located in midline. Contin- 
uous sections and reconstruction views showed cyst was confined entirely 
to prostate, features consistent with cyst of the prostatic utricle. 
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types of prostatic cysts, those of the utricle (dilated utricle) and those 
of the mullerian duct, occur mostly midline in the prostate [1, 2]. Both 
are congenital lesions. The more common millerian duct cyst is an 
isolated entity and may extend outside the prostate. Cyst of the 
prostatic utricle is confined to the prostate and may be associated 
with hypospadias, cryptorchidism, or unilateral renal agenesis gra 

In regard to the differential diagnosis, cysts of the seminal vesicles 
and the ejaculatory ducts are not midline, and prostatic retention 
cysts and prostatic abscesses (possibly with thick walls) are unlikely 
to occur in the midline. This may apply also to intrapelvic or retroper- 
itoneal tumors. Urachal cysts are located anterior to the urinary 
bladder. Other conditions such as posterior bladder diverticulum, 
greatly dilated prostatic urethra, or the defect in the prostate after a 
transurethral resection can be recognized easily if an integrated 
approach that combines radiologic findings and clinical history is used 
[1]. 

The case we describe may be either a cyst of the prostatic utricle 
or a mullerian duct cyst. However, the former is more likely because 
the lesion does not extend outside the prostate. Because malignancy 
may be associated with these cysts, clinical and radiologic (primarily 
sonographic) follow-up studies are recommended [1]. 

R. Nuri Sener 

Handan Farmaka 

Hospital of Ege University 

Izmir, Turkey 

Dinc Ozaksoy 

Hospital of Dokuz Eylul University 
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A Simple Method for Coloring Digital Radiographs 
(of Bone) 


Although still uncommon, digital radiographs will be appearing on 
computer screens more and more often. Display of these images is 
usually in gray scale; the horizontal and vertical resolution and the 
number of different gray levels depend on the mode of acquisition of 
the image and the display device. Regardless of the source of the 
image, however, these images may be given false colors. Unfortu- 
nately, if the colors are not extremely well chosen, the resulting chaos 
in the image actually may reduce the amount of useful information 
provided by the image. My colleagues and | recently have used a 
technique whereby useful information in the image is encoded in the 
colors. The resulting images are subjectively appealing and easy to 
generate. 

Consider an image of X by Y pixels, each pixel having a value 
between 0 and 255 (8 bits). In this case, we digitized an image (Fig. 
1A) from a laser disk of pathology images (Slice of Life III, University 
of Utah, Salt Lake City, UT). This image can be processed by 
traditional techniques to yield enhanced images. For example, a 
Spatial mask can be selected to detect horizontal edges [1 i 


=A = =2 
| 0 0 o| 


This results in an image that is mostly dark, but bright along horizontal 
edges (Fig. 1B). 
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Fig. 1.—Colorization of digital radiograph. 

A, Original image, 512 x 512 pixels, each having a value between 0 and 
255, displayed in gray scale. 

B, Image A after horizontal edge detection. 

C, Image A after vertical edge detection. 

D, Composite full-color image. 


A similar mask can be applied to detect vertical edges: 
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This generates an analogous image that is bright along vertical 
segments (Fig. 1C). 

These three images are now combined into one color composite 
image. The easiest way to do this is to assign 8 bits to each of the 
three primary colors in each pixel. In this case, the Original 8-bit-deep 
image was assigned to the red plane. The horizontal edge image was 
assigned to the blue plane, and the vertical edge image was placed 
in the green plane. This operation yields one X by Y image that is 24 
bits deep at each pixel (Fig. 1D). This type of image could contain up 
to 16,777,216 different colors. As most graphic display devices 
cannot display this many colors, the number of different colors can 
be quantized to a reasonable number by a Straightforward but 
nontrivial algorithm. (Heckbert P, presented at the annual meeting of 
SIGGRAPH, Boston, August 1982). 

Each pixel will be shaded according to its intensity in the Original 
image, how much horizontal edge it contains, and how much vertical 
edge it contains. Pixels run the gamut from black (containing no bone, 
no horizontal edge, and no vertical edge) to white (a diagonal edge 
pixel with lots of bone). In between are found varying shades of 
mixtures of red, green, and blue, representing areas of the bone 
where the constituent components are different. It is this continuous 
range of shading that tricks the eye into a false sense of depth. 

Of course, other spatial filters can be used for each of the three 
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color planes. Both the Laplacian and Sobel operators have been tried 

with interesting results. Because this technique can be used with any 

image, the choice of appropriate filter may change according to the 

content of the image. We find that these images are simple to 

generate and a more useful way of presenting digital radiographic 
data. 

David S. Channin 

The Pennsylvania State University College of Medicine 

The Milton S. Hershey Medical Center 

Hershey, PA 17033 
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New Method for Bone Biopsy 


My colleagues and | have achieved considerable success with 
bone biopsy by using the Bard Angiomed bone-biopsy needle (C. R. 
Bard, Inc., Covington, GA). This screw-type biopsy needle removes 
a core of bone for histologic analysis. We have, however, encountered 
several problems with the use of this needle. First, samples can be 
lost from the needle during retrieval. Second, placement of the needle 
can be difficult and time-consuming. Third, obtaining a relatively large 
core precludes rapid cytologic analysis. 

We therefore have developed a method for obtaining samples of 
material in a relatively quick and easy fashion. After the original bone 
biopsy, a hole is left where the first bone sample was removed. 
Through this existing hole, we then place a 22-gauge needle and 
sample the marrow (Fig. 1). Once the relatively thick cortex is re- 
moved, the smaller needle can be placed through medullary bone 
with little difficulty. 

The small needle is positioned by using standard CT guidance and 
careful probing of the bony surface until the established opening is 
entered. The needle then is advanced into the marrow cavity. This 
process can be repated several times relatively quickly, allowing 
sampling of a larger area of bony marrow and rapid cytologic analysis. 

Douglas Cassel 
Hoag Memorial Hospital Presbyterian 
Newport Beach, CA 92663 
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Fig. 1.—CT scans show new method for bone biopsy. 

A, 17-gauge Bard biopsy needle is placed through pedicle into marrow 
cavity of L2 vertebral body. 

B, Immediately after first aspiration, 22-gauge needle is placed through 
hole in bone into marrow cavity for further sampling. 
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Lymphocyte-Predominant Hodgkin Disease 
Manifested as a Subcutaneous Arm Mass 


An otherwise healthy 25-year-old man had noted a soft-tissue 
mass in the medial aspect of his right arm 3 years earlier and had 
been informed that the lesion was most likely a lipoma. He had noted 
some increase in the size of the lesion over the past 2 years. Physical 
examination revealed a compressible, nonmobile, nontender, lobu- 
lated mass 4 x 6.5 cm in the arm between the biceps and triceps 
muscles. MR imaging showed two well-defined contiguous masses 
anterior to the triceps and biceps muscle bundles, completely sur- 
rounded by subcutaneous fat (Fig. 1A). Arteriography showed no 
evidence of encasement or tumor vascularity but did show an early 
draining vein (Fig. 1B). A soft-tissue mass described as bilobular, 
grayish-tan, and fairly solid was excised surgically and was noted to 
be intricately involved with the neurovascular bundle. Histologic ex- 
amination showed lymphocyte-predominant Hodgkin disease of the 
diffuse lymphocytic/histiocytic subtype. 

The lymphocyte-predominant type of Hodgkin disease usually af- 
fects white men less than 35 years old. Most patients present with 
stage 1 disease, which often is limited to a single site, most commonly 
cervical lymph nodes. 

This case is unusual for several reasons. To our knowledge this is 
the first case of Hodgkin lymphoma that was manifested as a primary 
mass in the subcutaneous tissues of an extremity. It is an unusual 
variety of Hodgkin lymphoma as the nodular sclerosing/syncytial 
variety usually occurs in the cervical lymph node chain [1]. The MR 
findings suggested a benign mass when the criteria of Berquist [2] 
or Petrasnik et al. [3] were applied (i.e., a well-defined homogeneous 
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Fig. 1.—Lymphocyte-predominant Hodgkin disease. 

A-C, T1-weighted (A), proton-density (B), and T2-weighted MR images 
show well-defined, bilobed mass (arrows) in subcutaneous tissues of lower 
arm. Brachial artery (arrowheads) is closely apposed to this mass but is 
not encased. 

D and E, Anteroposterior (D) and 90° internal rotation (E) images from 
right brachial digital subtraction arteriography show lobulated mass with 
homogeneous vascular blush and early draining vein (arrow). 
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mass, especially on T2-weighted images, with no evidence of neu- 

rovascular encasement or bone invasion is suggestive of benignity). 

The arteriogram showed no evidence of tumor vascularity. Although 

MR has become valuable in preoperative planning and in the staging 

of soft-tissue masses, the distinction between a benign and malignant 

process is not always clear [2-4]. MR is excellent for localizing the 

abnormality and for defining adjacent structures, but diagnostic bi- 
opsy is still necessary. 

Martha C. Nelson 
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Geniculate Artery Pseudoaneurysm: A Rare 
Complication of Arthroscopic Surgery 


We report the MR imaging, digital subtraction angiographic, and 
Doppler sonographic findings of a pseudoaneurysm of the inferior 
lateral geniculate artery that occurred after lateral synovectomy. 

A 59-year-old man who had had lateral tibial osteotomy 10 years 
earlier had pain in the left knee that had increased steadily over 
several months. Frontal and lateral radiographs of the knee showed 
severe lateral joint space narrowing, osteophytosis, and suprapatellar 
joint fluid. Diagnostic arthroscopy showed complete loss of the medial 
articular cartilage and a complex tear of the medial meniscus. Arthros- 
copy was terminated after partial synovectomy of a hypertrophied 
lateral synovium resulted in brisk bleeding. The patient had consid- 
erable pain and swelling after the procedure, and bloody fluid was 
aspirated from the knee 24 hr later and again after 48 hr. The patient 
was stable until 10 days after the procedure, when he had acute 
increasing pain and swelling of the left knee. At that time, 160 ml of 
bloody fluid was aspirated. During the aspiration, the patient became 
acutely dyspneic and light-headed. An ECG showed supraventricular 
tachycardia, and the patient was hospitalized after successful treat- 
ment with verapamil. During the hospital workup, frontal and lateral 
radiographs of the left knee again showed the degenerative changes 
and a large suprapatellar effusion. Subsequent MR imaging showed 
a 1.5-cm rounded area of decreased signal intensity on T1- and T2- 
weighted images, which suggested a vascular signal void (Fig. 1A). 
A selective digital subtraction angiogram of the left leg showed a 
pseudoaneurysm of the inferior lateral geniculate artery (Fig. 1B). 
There was no evidence of active bleeding. For comparison, a color 
Doppler imaging study was performed; it showed arterial flow in a 
pseudoaneurysm with a feeding vessel. The patient was stable at the 
time of discharge. 

Arthroscopic surgery largely has replaced open surgery for the 
diagnosis and treatment of joint disease of the knees. The overall 
complication rate reportedly is as low as 0.56% for arthroscopy and 
as high as 14.6% for open surgery [1, 2]. Some of the major 
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Fig. 1.—Pseudoaneurysm of inferior lateral geniculate artery. 

A, Coronal MR image, 800/20, of left knee shows round signal void 
(arrow) lateral to joint space. 

B, Digital subtraction angiogram shows pseudoaneurysm (arrow) of 
inferior lateral geniculate artery. 


complications of arthroscopic surgery are hemarthrosis, effusion, 
infection, neurologic injury, thrombosis, and embolism [2]. Vascular 
complications are rare; most involve the popliteal artery, particularly 
after medial meniscectomy. Popliteal artery and venous injuries and 
a case of a pseudoaneurysm of the inferior lateral geniculate artery 
have been reported [3, 4]. In 119,590 arthroscopic surgeries, six 
penetrating injuries to the popliteal artery occurred, four of which 
required amputations [3]. The high rate of amputation may be a result 
of a delay in diagnosis. In a suspected vascular injury, prompt 
diagnosis with angiography is essential. 
Douglas P. Armato 
David Czarnecki 
St. Luke's Medical Center 
Milwaukee, WI 53215 


REFERENCES 


1. Small NC. Complications of arthroscopic surgery performed by experi- 
enced arthroscopists. Arthroscopy 1988;1(3):215-221 

2. Sherman OH, Fox JM, Snyder SJ, et al. Arthroscopy: “no problem surgery.” 
J Bone Joint Surg [Am] 1986;68-A(2):256-265 

3. Tawes RL Jr, Etheredge SN, Webb RL, Enloe LJ, Stallone Ru. Popliteal 
artery injury complicating arthroscopic meniscectomy. Am J Surg 1988; 
156:136-138 

4. Manning MP, Marshall JH. Aneurysm after arthroscopy. J Bone Joint Surg 
[Br] 1987;69-B:151 


Stopper Fragments: A Technique for Reducing 
Their Occurrence 


In the May 1989 issue of AJR, Dr. Segal [1] wrote about the 
problem of fragments accidentally entering containers of injectable 
solutions when a needle punctures the stoppers that seal the con- 
tainers. It is, no doubt, a common occurrence, and the full implications 
of this complication are unknown. We have seen the fragments most 
often during aspiration of contrast material for myelography. They 
have tended to occur more often when larger bore needles are used 
for aspiration. They also were seen more often when the needles 
used were ones that had been autoclaved, reusable needles that had 
lost their sharpness. 

In a trial study, we punctured the stoppers of empty containers to 
determine the precise mechanism of detachment of fragments. We 
used 18-gauge, regular point needles. When we scrutinized the 
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Fig. 1.—A and B, Drawings show beveled tip of needle and site where 
fragment of rubber stopper lodges (A) and method of reducing the for- 
mation of fragments by inserting beveled tip by using its side edge first 


(B). 


needles closely after their passage through the stoppers, we noted 
that whenever a fragment was detached, it almost invariable was 
located at the proximal part of the beveled edge toward the center 
(Fig. 1A). During the needle’s course through the rubber stopper, the 
proximal part of the bevel would act as a cutting edge, with its V 
shape facilitating the lodging of the rubber fragment before the 
fragment finally was detached. 

This complication can be overcome by not allowing the proximal 
edge of the bevel to act as a cutting edge, as happens when the 
conventional method is used, with the tip inserted first and the force 
of entry directed along its axis. We found that inserting the side edge 
of the bevel through the stopper first (Fig. 1B) and using a gloved 
thumb or finger as a depressing force reduced this complication to a 
negligible level. The site of entry on the stopper in this case was a 
linear incision in contrast to the V-shaped incision made when the 
conventional method is used. 

Such fragments could be detected more easily if dark-colored 
stoppers were used for all bottles or vials containing injectable drugs. 
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Our colleagues in other fields of medicine should be made aware of 

this common occurrence as they use injectable drugs more often 
than radiologists do. 

Hemant K. Morparia 

Jawahar A. Vontivillu 

Suleman A. Merchant 

King Edward Memorial Hospital 

Bombay 400 072, India 


REFERENCE 


1. Segal AJ. Stopper fragments: a potential hazard in contrast media (letter). 
AJR 1989;152:1128 


Reply 


Since the original letter [1] describing stopper fragments produced 
by coring, my colleagues and | have developed two ways of reducing 
this problem. As indicated by Morparia et al., coring is evident when 
an 18-gauge needle is used. Therefore, we now use either a 20- 
gauge or smaller bore needle or an 18-gauge noncoring needle when 
we are aspirating fluids for systemic injection. 

| have not had experience with the Morparia method, but if this 
precludes core fragments, it is worthwhile. Our solution may offer a 
less variable result as it does not depend on meticulous attention to 
detail when the needle is inserted through the stopper. However, it 
may take slightly longer to withdraw a desired amount of contrast 
medium through a 20-gauge needle. Use of an 18-gauge noncoring 
needle may increase expense (5.6 cents more per needle) and may 
increase the number and types of needles available in the work area. 


Arthur J. Segal 
Rochester General Hospital 
Rochester, NY 14621 
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The New England Journal of Medicine 


Effect of intermittent cyclical etidronate therapy on bone mass 
and fracture rate in women with postmenopausal osteoporosis. 
Storm T, Thamsborg G, Steiniche T, Genant HK, Sorensen OH (TS, 
Dept. of Medicine, Sundby Hospital, 2300 Copenhagen S, Denmark). 
N Engl J Med 322:1265-1271, 1990 


Progressive bone loss in osteoporosis results from bone resorption 
in excess of bone formation. We conducted a double-blind study in 
66 women with postmenopausal osteoporosis of therapy with etid- 
ronate, a diphosphonate compound that reduces bone resorption by 
inhibiting osteoclastic activity. 

The patients were randomly assigned in equal numbers to receive 
oral etidronate (400 mg per day) or placebo for 2 weeks, followed by 
a 13-week period in which no drugs were given. This sequence was 
repeated 10 times, for a total of 150 weeks. Daily oral supplementa- 
tion with calcium and vitamin D was given thoroughout the study to 
both groups. Vertebral bone mineral content was measured by dual- 
photon absorptiometry; spinal radiographs were assessed to identify 
new vertebral fractures. 

Vertebral bone mineral content increased significantly (P<0.01) 
after 150 weeks of etidronate therapy (5.3 percent; 95 percent 
confidence interval, 2.0 to 8.6; n = 20) but decreased with placebo 
(—2.7 percent; 95 percent confidence interval, —7.3 to 1.9; n = 20). 
The difference between groups was 8.0 percentage points (P<0.01; 
95 percent confidence interval, 2.4 to 13.6). The rates of fracture 
were significantly different for the period from week 60 to week 150 
between the etidronate and placebo groups (6 vs. 54 fractures per 
100 patient-years; P = 0.023). No adverse clinical, biochemical, or 
bone histomorphometric effects of treatment were observed. 

We conclude that at the end of nearly three years, etidronate 
therapy for postmenopausal osteoporosis results in significant in- 
creases in vertebral bone mineral content and, after approximately 
one year of treatment, a significant decrease in the rate of new 
vertebral fractures. 


Lack of efficacy of water-suppressed proton nuclear magnetic 
resonance spectroscopy of plasma for the detection of malignant 
tumors. Okunieff P, Zietman A, Kahn J, et al. (PO, Dept. of Radiation 
Medicine, Massachusetts General Hospital, Fruit St., Boston, MA 
02114). N Engi J Med 322:953-958, 1990 


Water-suppressed proton nuclear magnetic resonance (NMR) 
spectroscopy of plasma has been proposed by Fossel et al. (N Engl 
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J Med 1986; 315:1369-76) as a technique for detecting malignant 
tumors. In their analysis, plasma samples from patients with cancer 
were Clearly distinguished from those of normal subjects by mea- 
suring and averaging the methyl and methylene line widths of plasma 
lipoproteins in NMR spectrums. 

To evaluate this diagnostic procedure further, we collected and 
analyzed by NMR spectroscopy 145 samples of plasma from patients 
who served as controls, most of whom were undergoing orthopedic 
or cardiac surgery (n = 66); patients with a variety of untreated 
malignant tumors (n = 25) or treated malignant tumors (n = 18); and 
patients with hyperplastic or “premalignant” diseases, such as benign 
prostatic hyperplasia and ulcerative colitis (n = 36). All the samples 
were coded, and NMR spectroscopy was performed without knowl- 
edge of the patients’ clinical status. 

There were no significant differences in the NMR line widths among 
the four study groups (P>0.05 for all pairwise comparisons). The 
specificity and sensitivity of this method for distinguishing the contro! 
patients (mean line width [+SD], 44.0+7.4 Hz) from those with 
untreated cancer (43.8+6.9 Hz) were poor, with a false positive rate 
of 52 percent (34 of 66) and a false negative rate of 56 percent (14 
of 25). Inverse correlations of line widths with age (P<0.01) and with 
the plasma triglyceride level (P<0.001) were detected. 

We conclude that NMR spectroscopy of plasma is not an accurate 
test for the detection of malignant tumors. 


A pilot study of aerosolized amiloride for the treatment of lung 
disease in cystic fibrosis. Knowles MR, Church NL, Waltner WE, et 
al. (MRK, Division of Pulmonary Diseases, 724 Burnett-Womack 
Bldg., CB# 7020, University of North Carolina, Chapel Hill, NC 27599- 
7020). N Engl J Med 322:1189-1194, 1990 


Excessive active absorption of sodium is a unique abnormality of 
the airway epithelium in patients with cystic fibrosis. This defect is 
associated with thickened mucus and poor clearance of airway 
secretions and may contribute to the pulmonary disease in these 
patients. To study whether the inhibition of excessive absorption of 
sodium might affect the course of lung disease in cystic fibrosis, we 
performed a double-blind, crossover trial comparing aerosolized amil- 
oride (5 mmol per liter; 3.5 ml four times daily), a sodium-channel 
blocker, with vehicle alone. 

Fourteen of the 18 adult patients initially enrolled in the study 
completed the one-year trial (25 weeks for each treatment). The mean 
(+SEM) loss of forced vital capacity (FVC) was reduced from 3.39+ 
1.13 ml per day during treatment with vehicle alone to 1.44+0.67 mi 
per day during treatment with amiloride (P<0.04). A measured index 
of sputum viscosity and elasticity was abnormal during treatment 
with vehicle alone and improved during treatment with amiloride. 
Calculated indexes of mucociliary and cough clearance also improved 
during amiloride treatment. No systemic, respiratory, or subjective 
toxic effects of amiloride were noted. 


662 REVIEW OF CURRENT LITERATURE 


We conclude from this preliminary study that aerosolized amiloride 
can be safely administered to adults with cystic fibrosis. The slowing 
of the loss of FVC and the improvement in sputum viscosity and 
elasticity suggest a beneficial clinical effect. Aerosolized amiloride 
deserves further evaluation in the treatment of lung disease in patients 
with cystic fibrosis. 


The effect on test ordering of informing physicians of the charges 
for outpatient diagnostic tests. Tierney WM, Miller ME, McDonald 
CJ (WMT, Regenstrief Institute for Health Care, 1001 W. 10th St., 
Indianapolis, IN 46202). N Engl J Med 322:1499-1504, 1990 


We studied the effect of informing physicians of the charges for 
outpatient diagnostic tests on their ordering of such tests in an 
academic primary care medical practice. All tests were ordered at 
microcomputer workstations by 121 physicians. For half (the inter- 
vention group), the charge for the test being ordered and the total 
charge for tests for that patient on that day were displayed on the 
computer screen. The remaining physicians (control group) also used 
the computers but received no message about charges. The primary 
outcomes measured were the number of tests ordered and the 
charges for tests per patient visit. 

In the 14 weeks before the study, the number of tests ordered and 
the average charge for tests per patient visit were similar for the 
intervention and control groups. During the 26-week intervention 
period, the physicians in the intervention group ordered 14 percent 
fewer tests per patient visit than did those in the control group 
(P<0.005), and the charges for tests were 13 percent ($6.68 per 
visit) lower (P<0.05). The differences were greater for scheduled 
visits (17 percent fewer tests and 15 percent lower charges for the 
intervention group; P<0.01) than for unscheduled (urgent) visits (11 
percent fewer tests and 10 percent lower charges; P>0.3). During 
the 19 weeks after the intervention ended, the number of tests 
ordered by the physicians in the intervention group was only 7.7 
percent lower than the number ordered by the physicians in the 
control group, and the charges for tests were only 3.5 percent lower 
(P>0.3). Three measures of possible adverse outcomes—number of 
hospitalizations, emergency room visits, and outpatient visits during 
the study period and the following six months—were similar for the 
patients seen by the physicians in both groups. 

We conclude that displaying the charges for diagnostic tests 
significantly reduced the number and cost of tests ordered, especially 
for patients with scheduled visits. The effects of this intervention did 
not persist after it was discontinued. 


A randomized, controlled trial of methylprednisolone or naloxone 
in the treatment of acute spinal-cord injury: results of the second 
National Acute Spinal Cord Injury Study. Bracken MB, Shepard MJ, 
Collins WF, et al. (MBB, Dept. of Epidemiology and Public Health, 
Yale University School of Medicine, 60 College St., New Haven, CT 
06510). N Engl J Med 322:1405-1411, 1990 


Studies in animals indicate that methylprednisolone and naloxone 
are both potentially beneficial in acute spinal-cord injury, but whether 
any treatment is clinically effective remains uncertain. 

We evaluated the efficacy and safety of methylprednisolone and 
naloxone in a multicenter randomized, double-blind, placebo-con- 
trolled trial in patients with acute spinal-cord injury, 95 percent of 
whom were treated within 14 hours of injury. Methylprednisolone 
was given to 162 patients as a bolus of 30 mg per kilogram of body 
weight, followed by infusion at 5.4 mg per kilogram per hour for 23 
hours. Naloxone was given to 154 patients as a bolus of 5.4 mg per 
kilogram, followed by infusion at 4.0 mg per kilogram per hour for 23 
hours. Placebos were given to 171 patients by bolus and infusion. 
Motor and sensory functions were assessed by systematic neurologic 
examination on admission and six weeks and six months after injury. 

After six months the patients who were treated with methylpred- 
nisolone within eight hours of their injury had significant improvement 
as compared with those given placebo in motor function (neurologic 
change scores of 16.0 and 11.2, respectively; P = 0.03) and sensation 
to pinprick (change scores of 11.4 and 6.6; P = 0.02) and touch 


AJR:155, September 1990 


(change scores, 8.9 and 4.3; P = 0.03). Benefit from methylpredni- 
solone was seen in patients whose injuries were initially evaluated as 
neurologically complete, as well as in those believed to have incom- 
plete lesions. The patients treated with naloxone, or with methylpred- 
nisolone more than eight hours after their injury, did not differ in their 
neurologic outcomes from those given placebo. Mortality and major 
morbidity were similar in all three groups. 

We conclude that in patients with acute spinal-cord injury, treat- 
ment with methylprednisolone in the dose used in this study improves 
neurologic recovery when the medication is given in the first eight 
hours. We also conclude that treatment with naloxone in the dose 
used in this study does not improve neurologic recovery after acute 
spinal-cord injury. 


Prognostic implications of echocardiographically determined left 
ventricular mass in the Framingham Heart Study. Levy D, Garrison 
RJ, Savage DD, Kannel WB, Castelli WP (DL, Framingham Heart 
Study, 5 Thurber St., Framingham, MA 01701). N Engl J Med 
322:1561-1566, 1990 


A pattern of left ventricular hypertrophy evident on the electrocar- 
diogram is a harbinger of morbidity and mortality from cardiovascular 
disease. Echocardiography permits the noninvasive determination of 
left ventricular mass and the examination of its role as a precursor of 
morbidity and mortality. We examined the relation of left ventricular 
mass to the incidence of cardiovascular disease, mortality from 
cardiovascular disease, and mortality from all causes in 3220 subjects 
enrolled in the Framingham Heart Study who were 40 years of age 
or older and free of clinically apparent cardiovascular disease, in 
whom left ventricular mass was determined echocardiographically. 

During a four-year follow-up period, there were 208 incident car- 
diovascular events, 37 deaths from cardiovascular disease, and 124 
deaths from all causes. Left ventricular mass, determined echocar- 
diographically, was associated with all outcome events. This relation 
persisted after we adjusted for age, diastolic blood pressure, pulse 
pressure, treatment for hypertension, cigarette smoking, diabetes, 
obesity, the ratio of total cholesterol to high-density lipoprotein cho- 
lesterol, and electrocardiographic evidence of left ventricular hyper- 
trophy. In men, the risk factor-adjusted relative risk of cardiovascular 
disease was 1.49 for each increment of 50 g per meter in left 
ventricular mass corrected for the subject’s height (95 percent con- 
fidence interval, 1.20 to 1.85); in women, it was 1.57 (95 percent 
confidence interval, 1.20 to 2.04). Left ventricular mass (corrected for 
height) was also associated with the incidence of death from cardio- 
vascular disease (relative risk, 1.73 [95 percent confidence interval, 
1.19 to 2.52] in men and 2.12 [95 percent confidence interval, 1.28 
to 3.49] in women). Left ventricular mass (corrected for height) was 
associated with death from all causes (relative risk, 1.49 [95 percent 
confidence interval, 1.14 to 1.94] in men and 2.01 [95 percent 
confidence interval, 1.44 to 2.81] in women). 

We conclude that the estimation of left ventricular mass by echo- 
cardiography offers prognostic information beyond that provided by 
the evaluation of traditional cardiovascular risk factors. An increase 
in left ventricular mass predicts a higher incidence of clinical events, 
including death, attributable to cardiovascular disease. 


Chest 


Extrathoracic staging of bronchogenic carcinoma. Salvatierra A, 
Baamonde C, Llamas JM, Cruz F, Lopez-Pujol J (AS, Thoracic 
Surgery Unit, Reina Sofia Hospital, 14004 Cordoba, Spain). Chest 
97:1052-1058, 1990 


In assessing the value of systematic evaluation of extrathoracic 
extension for potentially resectable, non-small-cell bronchogenic car- 
cinoma, a prospective study was conducted in 146 patients. The 
study protocol included computed tomographic (CT) scan of the brain 
and upper abdomen, abdominal ultrasonography, and whole-body 
bone scanning. The findings were matched with the clinical presen- 
tation, histologic features, and TN staging, having found out that non- 
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smail cell bronchogenic carcinoma does not follow a set pattern to 
metastasize. The rate of metastasis for adenocarcinoma is not only 
significantly larger (p<0.05) but it does not correlate with the TN 
Staging, in contrast to what happens with the squamous cell carci- 
noma (p<0.01). None of the squamous cell carcinomas in intratho- 
racic stage | was found to metastasize. Twenty-one percent (4/19) 
of brain metastases were asymptomatic (three adenocarcinomas and 
one squamous ceil carcinoma with multiorgan metastasis). Bone 
scanning detected metastasis in 3.4 percent (4/116) of the asymp- 
tomatic patients, and three of the four patients with asymptomatic 
metastasis had nonskeletal foci. In 61 percent (11/18) of patients 
with hepatic metastasis, we did not find organ-specific indicators to 
suspect it. The series showed a 7.5 percent incidence of adrenal 
metastasis. Our findings suggest the convenience of performing an 
upper abdominal CT scan and/or ultrasonography in all patients, 
except for those with asymptomatic stage | squamous cell carcinoma: 
we also suggest brain CT scanning for all patients with adenocarci- 
nomas and large-cell carcinomas as well as for those with squamous 
cell carcinoma with neurologic symptoms, and whole-body bone 
scanning only in those patients with clinical and laboratory indication 
of possible bone involvement by metastatic disease. 


Gastroenterology 


Prevalence of bowel dysfunction in multiple sclerosis: a popula- 
tion survey. Hinds JP, Eidelman BH, Wald A (JPH, Gastroenterology 
Unit, Montefiore Hospital, Pittsburgh, PA). Gastroenterology 98: 
1538-1542, 1990 


An unselected outpatient population of 280 individuals with multiple 
sclerosis was surveyed to determine the prevalence of bowel dys- 
function and to define their characteristics and their relationship to 
the nongastrointestinal manifestations of the disease. Constipation 
was present in 43%, was similar in frequency in both sexes, and was 
more common in patients, regardless of degree of disability, than in 
a control population. Frequency of constipation also correlated with 
duration of disease and genitourinary symptoms but did not correlate 
with use of any medications in mildly disabled patients. Fecal incon- 
tinence had occurred at least once in the preceding 3 mo in 51% of 
patients and once per week or more frequently in 25% of patients 
who were questioned in more detail with a follow-up questionnaire. 
Correlations of fecal incontinence with disability, duration of disease, 
and presence of genitourinary symptoms were similar to constipation. 
The prevalence of bowel dysfunction (constipation and/or fecal incon- 
tinence) in the multiple sclerosis population was 68%, and this man- 
ifestation was common even in mildly disabled subjects. Bowel 
dysfunction can be a source of considerable ongoing social disability 
in patients with multiple sclerosis. Further studies are needed to 
characterize the pathophysiology of this common disorder so that 
effective therapeutic strategies can be identified. 


Reprinted with permission by the American Gastroenterological Association. 


Observer variability in echo-Doppier measurements of portal flow 
in cirrhotic patients and normal volunteers. Sabba C, Weltin GG, 
Cicchetti DV, et al. (CS, Dept. of Diagnostic Radiology, Yale Univer- 
sity, New Haven, CT). Gastroenterology 98:1603-1611, 1990 


The intraobserver and interobserver variability in measuring the 
portal vein flow by the echo-Doppler technique was evaluated in a 
blind controlled study. A total of 22 cirrhotic patients and 14 normal 
volunteers were examined by two skilled operators using duplex 
Doppler within a period of 1-3 mo (6 cirrhotics and 7 normal volun- 
teers by both observers). Area, mean velocity, and flow were mea- 
sured (4 measurements: A, B on day 1; C, D on day 2). The intraclass 
correlation coefficient was used to assess both the statistical and 
Clinical significance of intraobserver and interobserver agreement for 
the measurements of these three parameters. The level of intraob- 
server agreement for each parameter on normal subjects and cir- 
rhotics was obtained from the two measurements on the same day 
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and from the two measurements at the same time on consecutive 
days. Overall agreement between the four measurements was also 
calculated. Levels of interobserver agreement were obtained by 
calculating separately the intraclass correlation coefficient from each 
of the four pairs of measurements made on the same subject by the 
two observers over the same period of 2 days. The coefficient of 
variation was also used to compare the variability in these measure- 
ments. Overall, intraobserver agreement on normal subjects varied 
from good to excellent for observer 1, and from fair to good for 
observer 2. On cirrhotic patients, observer 1 was excellent at ali 
times for all parameters. Observer 2 had lower intraciass correlation 
coefficient values, especially for velocity on consecutive days. For 
the best of the two observers on the portal flow, the coefficient of 
variation in cirrhotic patients ranged from 2°%%~30% with a mean 
+ SEM of 12% + 4%. No acceptable interobserver agreement was 
found between the two observers in either of the two samples of 
subjects. These results support the use of this technique mainly for 
the determination of rapid and large changes in portal hemodynamics 
within a short period of time. The technique seems to have low 
precision in monitoring chronic changes in portal hemodynamics. 


Reprinted with permission by the American Gastroenterciogical Association. 


Gallbladder stone fragments in feces after biliary extracorporeal 
shock-wave lithotripsy. Greiner L, Müūnks C, Heil W, Jakobeit C (LG. 
Medical Clinic A, Municipal Hospitals, Wuppertal, Federal Republic of 
Germany). Gastroenterology 98:1620~1624, 1990 


All stools passed on the first 3 days after extracorporeal shock- 
wave lithotripsy of gallbladder stones in 21 patients were collected 
and examined for the presence of stone fragments. A total of 555 
fragments varying in number per patient (4~69) and in size (maximum 
diameters from 0.5-8.0 mm) were recovered by sieving aqueous 
suspensions of the feces. All 482 fragments <3.0 mm left the biliary 
tract without any clinical symptoms, as did the three largest fragments 
with maximum diameters of 7.0-8.0 mm and almost all of the 70 
fragments measuring 3.5-5.0 mm. During the observation period, 
four episodes of biliary complaints were recorded in three patients in 
whom fragments with maximum diameters of 3.5-5.0 mm were 
found. The only chemical abnormality was a temporary elevation of 
lipase activity to twice the normal range in 1 case. All fragments were 
identified as gallbladder stones by infrared spectroscopy on the basis 
of their (varyingly high) cholesterol content. By macroscopic criteria, 
most of the fragments were from mixed stones: therefore, provided 
there is a functioning gallbladder and sufficiently fine fragmentation, 
Successful extracorporeal shock-wave lithotripsy does not seem to 
be limited to pure cholesterol stones. 


Reprinted with permission by the American Gastroenterological Association. 


Coordination of deglutitive glottic closure with oropharyngeal 
swallowing. Shaker R, Dodds WJ, Dantas RO, Hogan WJ, Arndorfer 
RC (RS, Dept. of Medicine, The Medical College of Wisconsin, 
Milwaukee, WI). Gastroenterology 98:1478-1484, 1990 


The goals of this study were to quantify the temporal relationship 
between swallow-induced glottic closure and (a) signals of swallow 
initiation, such as hyoid bone movement, tongue base movement, 
and mylohyoid electrical activity; (b) pharyngeal peristalsis: (c) laryn- 
geal elevation; (d) vestibular closure; and (e) oropharyngeal barium 
bolus transit. Eight normal subjects (age 20-30 yr) were studied by 
concurrent transnasal video laryngoscopy, pharyngeal intraluminal 
manometry, and submental surface electromyography. The mano- 
metric, electromyographic, and both video recordings were synchro- 
nized with one another using a specially designed event marker. Dry, 
S-mi water, and 5-ml barium swallows were recorded. Frame-by- 
frame analysis of the video endoscopic recordings showed that 
deglutitive laryngeal kinetics consisted of vocal cord adduction as- 
sociated with transverse approximation of the arytenoids followed by 
vertical approximation of arytenoids to the base of the epiglottis 
followed by laryngeal ascent and epiglottic descent. Onset of swal- 
low-induced vocal cord adduction preceded the onset of hyoid bone 
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movement, base of the tongue movement, and submental surface 
myoelectric activity by 0.33 + 0.04 (SE) s, 0.31 + 0.04 s, and 0.38 
+ 0.04 s, respectively. Onset of vocal cord adduction also preceded 
the initiation of peristalsis in the nasopharynx and its propagation to 
oropharynx and upper esophageal sphincter by 0.64 + 0.05 s, 0.82 
+ 0.05 s, and 1.08 + 0.04 s, respectively. The time between the 
onset of vocal cord adduction and their return to full opening was 2.2 
+ 0.09 s. it was concluded that (a) among events evaluated, vocal 
cord adduction is the initial event during the swallowing sequence; 
(b) laryngeal kinetics during deglutition have distinctive features, and 
their close coordination with other swallowing events suggests that 
they are an essential feature of the swallowing program; and (c) 
abnormal laryngeal kinetics or lack of coordination between the glottic 
closure mechanism and oropharyngeal bolus transport may have an 
important role in swallow-induced aspiration. 


Reprinted with permission by the American Gastroenterological Association. 


Digestive Diseases and Sciences 


Potential economic impact of applying DRG-based prospective 
payment categories to inflammatory bowel disease patients. Vul- 
garopulos SP, Lyle CB, Sessions JT (JTS, Digestive Diseases and 
Nutrition, Dept. of Medicine, University of North Carolina School of 
Medicine, Chapel Hill, NC 27514). Dig Dis Sci 35(5):577-581, May 
1990 


New incentives regarding delivery of inpatient care by physicians 
and administrators have resulted from Medicare’s DRG-based pro- 
spective reimbursement system. As these payment systems become 
widely adopted by other third-party payors, implications for adequate 
hospital reimbursement and quality inpatient care will intensify. This 
study of inflammatory bowel disease inpatients examines discharge 
data for 300 patients comprising 507 admissions from 1983 to 1987 
at a large tertiary center hospital. While only 10.8% of these dis- 
charges were Medicare patients, all discharges were assigned a 
diagnosis-related-group reimbursement to derive a theoretical mon- 
etary loss or gain for the hospital. Overall hospital losses averaged 
$127.24 per case for this patient population, in which the medical 
and pediatric cases were adequately reimbursed, and the surgical 
admissions represented greater losses. The average length of stay 
for all patients decreased from 11.9 to 7.4 days over the study period, 
mostly a result of reductions in surgical hospital stays. We conclude 
that reimbursement for medical and pediatric discharges under DRG 
179 appear adequate for this hospital, while surgical inflammatory 
bowel disease reimbursement is not. These data will be useful for 
comparison of future trends of inpatient utilization for inflammatory 
bowel disease patients as prospective reimbursement practices be- 
come more widespread. 


idiopathic autonomic denervation in eight patients presenting with 
functional gastrointestinal disease: a causal association? Camil- 
leri M, Fealey RD (MC, Gastroenterology Research Unit, Mayo Clinic, 
Rochester, MN 55905). Dig Dis Sci 35(5):609-616, May 1990 


Gut dysmotility may result from disease of the extrinsic neural 
pathways supplying the gut. We report the results of studies on 
sweating, cardiovascular, and sudomotor reflexes in eight prospec- 
tively evaluated patients with apparently functional gastrointestinal 
disorders. There was no personal or family history of neurologic 
disease, except for one patient with known atony of the bladder. 
Motility of the esophagus, stomach, and small intestine were, respec- 
tively, abnormal in two, six, and seven patients and showed either 
uncoordination of contractions between segments or postcibal hy- 
pomotility. All had generalized or patchy anhidrosis; quantitative 
sudomotor axon reflex tests were also abnormal in four patients and 
borderline in one. Plasma levels of catecholamines were abnormal in 
one patient. All patients had evidence of sympathetic denervation: 
preganglionic in two patients, postganglionic in five patients, and 
mixed in one patient. Three patients also had abnormal heart-rate 
responses to deep breathing, suggesting parasympathetic dysfunc- 
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tion. No underlying cause for the autonomic dysfunction was identified 
in any of these patients despite extensive investigations. Thus, these 
data support the hypothesis that apparently functional gastrointes- 
tinal disorders may be due to idiopathic autonomic denervation. 


The Journal of Bone and Joint Surgery 


Deep-vein thrombosis after fracture of the pelvis: assessment 
with serial duplex-ultrasound screening. White RH, Goulet JA, 
Bray TJ, et al. (RHW, Rm. 3120, Primary Care Center, University of 
California, Davis, Medical Center, 2315 Stockton Bivd., Sacramento, 
CA 95817). J Bone Joint Surg [Am] 72-A:495-500, April 1990 


Sixty patients who had had a major fracture of the pelvis and were 
in stable condition on the orthopaedic ward three to five days after 
the injury were tested serially with duplex ultrasound, begnining 
approximately seven days after the injury, in order to determine the 
incidence of deep-vein thrombosis. Contrast venography was per- 
formed to confirm all positive noninvasive studies. 

Deep-vein thrombosis developed in eight patients (approximately 
15 per cent). The thrombosis was in the popliteal or a more proximal 
vein in six of the eight patients, whereas in two it was distal to the 
popliteal vein. In four patients, evidence of thrombosis developed 
after one or more normal duplex-ultrasound studies. In one patient, 
symptoms that were suggestive of deep-vein thrombosis developed 
fifty-two days after the injury (four days after the fourth normal duplex- 
ultrasound examination), and ascending venography was entirely 
normal. Another patient had a pulmonary embolus fifteen days after 
the injury, and on the same day a duplex-ultrasound study was 
positive for thrombosis. During six weeks of follow-up after discharge 
from the hospital, symptoms of deep-vein thrombosis or pulmonary 
embolism did not develop in any patient in whom serial duplex- 
ultrasound studies had been negative. 


Clinical Orthopaedics and Related Research 


Diagnosis and treatment of incomplete rotator cuff tears. Eliman 
H (HE, 2080 Century Park East, Ste. 1500, Los Angeles, CA 90067). 
Clin Orthop 254:64~-74, May 1990 


The histopathologic changes leading to rotator cuff rupture are 
gradual and progressive. Incomplete tears can be observed in the 
articular or bursal surface. These partial lesions are infrequently 
demonstrated with arthrography or bursography. Although structural 
variations in cuff integrity can be demonstrated with ultrasound or 
magnetic resonance imaging, precise definition of partial tears is 
difficult. The exact location and extent of incompiete tears can be 
documented with shoulder arthroscopy. Anterior acromioplasty, 
either open or arthroscopic, is indicated for the treatment of chronic 
mechanical impingement refractory to conservative management. 
When a sizable partial defect is identified at open surgery, the 
degenerated tissue is excised and the tendon is reattached to bone 
or repaired with side-to-side suture. Arthroscopic treatment consists 
of debridement of the torn cuff margins, followed by arthroscopic 
subacromial decompression (ASD). When the incomplete tear in an 
active individual involves more than one-half the cuff thickness, 
arthroscopic and open techniques can be combined. Twenty partial- 
thickness tears were encountered among 130 patients who had ASD 
for chronic impingement. Fifteen had a satisfactory result, but five 
required additional surgery. A system of grading partial-thickness 
tears based on location, depth, and area is presented in an effort to 
standardize the observations of various investigators and to permit 
comparison of the results of arthroscopic treatment. 


The Journal of Urology 


Malignancies in bladder augmentations and intestinal conduits. 
Filmer RB, Spencer JR (RBF, Dept. of Pediatric Urology, Children’s 


A 


AJR:155, September 1990 


Hospital of Michigan, Detroit, Mi). J Uro! 143:671, April 1990 


During the last few years a growing number of malignancies have 
been reported in bladders augmented for benign disease of the urinary 
tract, as well as a few cases of malignancies within intestinal urinary 
conduits. Our analysis of the published data as detailed suggests 
that the malignancies are not coincidental. Furthermore, there are 
many similarities between the malignancies that develop in bladder 
augmentations and those in the colon after ureterosigmoidostomy. 
We review the various reports on malignancies in bladder augmen- 
tations and urinary conduits, and compare these data to those known 
about malignancies arising in the colon after ureterosigmoidostomy. 


Multimodality treatment of complex renal calculi. Smith JJ IH, 
Hollowell JG, Roth RA (RAR, Dept. of Urology, Lahey Clinic Medical 
Center, 41 Mall Rd., Burlington, MA 01805). J Urol 143:891-894, 
May 1990 


More than 2,500 patients were treated for urolithiasis from 1984 
to 1987. In an effort to define the relative role of extracorporeal shock 
wave lithotripsy and percutaneous nephrolithotomy with respect to 
size, location and composition of the calculus 912 of these patients 
(224 of whom underwent percutaneous nephrolithotomy and 688 of 
whom underwent extracorporeal shock wave lithotripsy) were re- 
viewed. Size proved to be the only significant factor in the success 
and complication rates of extracorporeal shock wave lithotripsy but 
it did not affect the outcome of percutaneous nephrolithotomy. 

The roles of these 2 modalities were then examined with respect 
to the treatment of complex renal calculi. We reviewed 376 patients 
with complex renal calculi, including 40 percutaneous nephrolithot- 
omy patients from the initial 912 patients studied. The initial therapy 
in 100 of these patients, treated consecutively, was extracorporeal 
shock wave lithotripsy. The remaining 276 patients were treated by 
percutaneous nephrolithotomy. The success rate of extracorporeal 
shock wave lithotripsy monotherapy in the treatment of complex renal 
calculi was 36%. The success rate of primary percutaneous nephro- 
lithotomy was 83%. 

We conclude that percutaneous nephrolithotomy should be the 
primary therapy for patients with complex renal calculi. Extracorporeal 
shock wave lithotripsy is the preferred treatment for patients with 
smaller calculi and as an adjunct to percutaneous nephrolithotomy. 


Pediatrics 


Thalamic hemorrhage with intraventricular hemorrhage in the full- 
term newborn. Roland EH, Flodmark O, Hill A (AH, Division of 
Neurology, British Columbia's Children’s Hospital, 4480 Oak St., 
Vancouver, B.C., Canada V6H 3V4). Pediatrics 85(5):737-742, May 
1990 


intraventricular hemorrhage is an uncommon problem in the full- 
term newborn. In a review of 19 full-term infants with intraventricular 
hemorrhage diagnosed on computed tomography prior to 1 month of 
age, thalamic hemorrhage associated with the intraventricular hem- 
orrhage was documented in 12 infants. Thus, thalamic hemorrhage 
appears to be the most common source of intraventricular hemor- 
rhage in this age group, particularly in infants who had uneventful 
birth histories and in whom clinical abnormalities (signs of increased 
intracranial pressure, seizures, altered level of consciousness) devel- 
oped after the first week of life. The majority of these infants had 
predisposing factors for cerebral venous infarction such as sepsis, 
cyanotic congenital heart disease, and coagulopathy. The clinical 
appearance and outcome for infants with thalamic hemorrhage/in- 
traventricular hemorrhage were similar to those in infants with in- 
traventricular hemorrhage originating from other sites, except for an 
increased incidence of cerebral palsy in infants with thalamic hemor- 
rhage/intraventricular hemorrhage. Definitive diagnosis was made on 
the basis of characteristic radiologic abnormalities. 


Reprinted by permission of PEDIATRICS © 1990. 
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The Journal of Nuclear Medicine 


Comparison of technetium-99m and iodine- 123 imaging of thyroid 
nodules: correlation with pathologic findings. Kusić Z, Becker DV. 
Saenger EL, et al. (ZK, Dept. of Nuclear Medicine and Oncology. 
University Hospital “Dr. M. Stojanovic,” Vinogradska 29, 41000 Za- 
greb, Yugoslavia). J Nuci Med 31:393-399, 1990 


Three hundred and sixteen patients with solitary or dominant 
thyroid nodules were imaged both with technetium-99m- (°"Tc) 
pertechnetate and iodine-123 ('**l). The images were independently 
interpreted by five readers. lodine scans were preferred, but differ- 
ences were small and in 27%-58% of the cases there was no 
difference in quality between the two radionuclides. Discrepancies 
between "Tc and '**I images were found in 5%-8% of cases, twice 
as often in multinodular goiters as in single nodules. Cytologic/ 
histologic examination was performed on all nodules but no correla- 
tion was found between the pathology and the type of discrepancy. 
Twelve carcinomas were found (4%) but none in nodules showing a 
discrepancy. There was great variation among the observers about 
the preference for radionuclides and about the existence or type of 
discrepancies. The slightly better overall quality of “I scans is 
probably not of diagnostic significance and does not justify the routine 
use of '*I instead of "Tc. Routine reimaging of "Tc hot nodules 
with radioiodine for cancer detection does not appear to be neces- 


sary. 


Journal of Thoracic Imaging 


Pulmonary tuberculosis in patients with acquired immunodefi- 
ciency syndrome. Goodman PC (PCG, Dept. of Radiology, San 
Francisco General Hospital, Rm. 1X57, 1001 Potrero Ave., San 
Francisco, CA 94110). J Thorac Imaging 5(2):38~45. 1990 


An association between tuberculosis and HIV infection is becoming 
increasingly evident. HIV seropositivity has been seen in nearly 30% 
of some populations with tuberculosis. In other populations nearly 
25% of patients with AIDS had tuberculosis. Clinically these patients 
present with nonspecific findings including weight loss, night sweats, 
and fever. The symptoms are generally gradual in onset and last for 
several weeks. Early in the course of HIV infection a PPD skin test 
may be positive and the radiographic findings may be similar to those 
seen in individuals with normal immunity. Thus, upper lobe hetero- 
geneous and cavitary opacities may be seen on the chest radiograph. 
In late HIV infection, however, the PPD skin test is generally negative 
and the radiograph demonstrates lymphadenopathy and diffuse het- 
erogeneous parenchymal opacities. Tuberculosis should be sus- 
pected in HIV-infected patients when diffuse interstitial lung disease 
is demonstrated in conjunction with hilar or mediastinal lymph node 
enlargement. in contrast, lymphadenopathy is not expected in the 
most common opportunistic lung disease, Pneumocystis carinii pneu- 
monia. Standard antituberculous drug therapy is extremely effective 
in treating tuberculosis in this setting. 


Gastrointestinal Radiology 


Barium studies in diffuse eosinophilic gastroenteritis. MacCarty 
RL, Talley NJ (RLM, Dept. of Diagnostic Radiology, Mayo Clinic, 200 
tst St, S.W., Rochester, MN 55905). Gastrointest Radiol 15:183- 
187, 1990 


We report the findings on barium examinations from 20 patients 
with eosinophilic gastroenteritis. Thickening of mucosal folds in the 
stomach (seven cases), small intestine (four patients), or both (two 
cases) was the most common finding. Nodular fold enlargement was 
present in the stomach in three cases and in the small intestine in 
four cases. One paient had discrete antral polyps. Multiple gastric 
erosions, to our knowledge not previously reported in eosinophilic 
gastroenteritis, were seen in two patients. Although the stomach and 
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small bowel are most commonly affected, any portion of the gastroin- 
testinal tract may be involved. 


Comparison between ultrasonographic signs and the degree of 
portal hypertension in patients with cirrhosis. Vilgrain V, Lebrec D, 
Menu Y, Scherrer A, Nahum H (VV, Dept. of Radiology, Hopital 
Beaujon, 100, Boulevard du General-Lecierc, 92118 Clichy, France). 
Gastrointest Radiol 15:218-222, 1990 


The sensitivity of ultrasonography (US) for the diagnosis of portal 
hypertension was assessed in 48 patients with known cirrhosis. 
These results were compared to the hemodynamic values obtained 
on the same day by hepatic vein catheterization. The sensitivity of 
US in detecting portal hypertension was about 40% considering either 
a >13 mm diameter of the portal vein, or the lack of mild caliber 
variation of the superior mesenteric vein. The sensitivity was more 
than 80% considering the presence of portosystemic venous collat- 
erals. Presence of numerous portosystemic shunts was significantly 
associated with high hepatic venous pressure gradients which re- 
flected the severity of portal hypertension. 


intestinal intussusception as a presenting feature of choledocho- 
cele. Ramos A, Castelló J, Pinto | (AR, Avda. Reina Victoria 24, 
28003 Madrid, Spain). Gastrointest Radio! 15:211-214, 1990 


Choledochocele is a rare form of choledochal cyst [1, 2]. Usually, 
it manifests clinically with epigastric pain of colic type, jaundice, and/ 
or pancreatitis. Occasionally, a palpable mass may be found. We 
describe two cases of intestinal intussusception as a presenting 
feature of choledochoceie. 


Encapsulated hepatoceilular carcinoma: radiologic findings and 
pathologic correlation. Ros PR, Murphy BJ, Buck JL, Olmedilla G, 
Goodman Z (PRR, Dept. of Radiology, Box J-374, JHMHC, University 
of Florida, Gainesville, FL 32610). Gastrointest Radiol 15:233-237, 
1990 


The encapsulated form of hepatocellular carcinoma (HCC) is a 
pathologic subtype that has been found to occur with variable fre- 
quency in typical HCC in Japanese radiological, surgical, and autopsy 
series. It is a well-differentiated tumor that tends to grow slowly and 
noninvasively, and has a better prognosis than other gross forms of 
HCC. 

Among the 73 cases of typical HCC in patients of non-Asian 
extraction in our files, 11 could be positively identified as encapsulated 
based on strict pathological criteria. The purpose of this study was 
to review the radiographic appearance of these encapsulated tumors. 

Radiographically, the tumors demonstrated a hyperdense rim in 5 
of 9 cases with postinfusion computed tomography scans, an ane- 
choic halo in 4 of 6 cases with ultrasonograms, and an avascular rim 
on the capillary phase in 5 of the 8 cases with angiograms. 

Encapsulated HCC can be found in non-Asian patients, and the 
radiographic and pathologic findings are similar to the descriptions in 
the Japanese series. 


Journal of Ultrasound in Medicine 


Screening spinal ultrasound in newborns with neural tube defects. 
Glasier CM, Chadduck WM, Leithiser RE Jr, Williamson SL, Seibert 
JJ (CMG, Dept. of Radiology, Arkansas Children’s Hospital, 800 
Marshall St., Little Rock, AR 72202). J Ultrasound Med 9:339-344, 
June 1990 


Twenty-six newborns with spina bifida had complete spinal ultra- 
sound (US) prior to initial surgical repair of the neural tube defects. 
Associated anomalies were found on screening US in seven infants 
and included diastematomyelia (two cases), hydromyelia (two cases), 
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and dural fat deposits (three cases). Initial surgical therapy was altered 
in one infant with diastematomyelia. Four closed simple meningoceles 
showed no internal neural elements on US and none were found at 


surgery. 
Reprinted with permission by the American institute of Ultrasound in Medi- 
cine. 


Journal of Computer Assisted Tomography 


CT evaluation of enterovaginal and vesicovaginal fistulas. Kuhl- 
man JE, Fishman EK (JEK, Dept. of Radiology, Johns Hopkins 
Hospital, 600 N. Wolfe St., Baltimore, MD 21205). J Comput Assist 
Tomogr 14(3):390-394, May/June 1990 


Computed tomography of 25 cases of enterovaginal (19 cases) or 
vesicovaginal fistula (6 cases) were reviewed. Underlying causes of 
fistulization included gynecological malignancy and radiation therapy 
(14 of 25), inflammatory diseases of bowel (8 of 25), and miscella- 
neous conditions (3 of 25). A CT finding of contrast within the vagina 
provided definitive confirmation of the suspected diagnosis of vaginal 
fistula in 60% of patients (15 of 25), a detection rate superior to 
conventional examinations in our series. Other CT findings suggestive 
of vaginal fistulas included detection of air (20 of 25) and/or fluid (5 
of 25) within the vagina. Computed tomographic findings associated 
with vaginal fistulas such as radiation changes, contiguous pelvic 
mass, or adherent thickened bowel gave ciues to the underlying 
etiology of the fistula and provided important information regarding 
the extent of disease prior to attempted surgical repair. 


Magnetic Resonance Imaging 


Variable flip angle imaging and fat suppression in combined 
gradient and spin-echo (GREASE) techniques. Vinitski S, Mitchell 
DG, Szumowski J, Burk DL Jr, Rifkin MD (SV, Dept. of Radiology, 
Division of Magnetic Resonance Imaging, 1034 Main Bidg., 10th and 
Sansom Sts., Philadelphia, PA 19107). Magn Reson Imaging 8:131- 
139, 1990 


Conventional “proton density” and “T2-weighted” spin-echo images 
are susceptible to motion induced artifact, which is exacerbated by 
lipid signals. Gradient moment nulling can reduce motion artifact but 
lengthens the minimum TE, degrading the “proton density” contrast. 
We designed a pulse sequence capable of optimizing proton density 
and T.-weighted contrast while suppressing lipid signals and motion 
induced artifacts. Proton density weighting was obtained by rapid 
readout gradient reversal immediately after the excitation RF pulse, 
within a conventional spin-echo sequence. By analyzing the behavior 
of the macroscopic magnetization and optimizing excitation flip angle, 
we suppressed 7, contribution to the image, thereby enhancing 
proton density and 7T2-weighted contrast with a two- to four-fold 
reduction of repetition time. This permitted an increased number of 
averages to be used, reducing motion induced artifacts. 

Fat suppression in the presence of motion was investigated in two 
groups of 8 volunteers each by (i) modified Dixon technique, (ii) 
selective excitation, and (iii) hybrid of both. Elimination of fat signal 
by the first technique was relatively uniform across the field of view, 
but it did not fully suppress the ghosts originating from fat motion. 
Selective excitation, while sensitive to the main field inhomogeneity, 
largely eliminated the ghosts (0.21 + 0.05 vs. 0.29 + 0.06, p < 0.01). 
The hybrid of both techniques combined with bandwidth optimization, 
however, showed the best results (0.17 + 0.04, p < 0.001). 

Variable flip-angle imaging allows optimization of image contrast 
which, along with averaging and effective fat suppression, signifi- 
cantly improves gradient- and spin-echo imaging, particularly in the 
presence of motion. 


Melvin M. Figley Fellowships in Radiology 
Journalism 


The American Roentgen Ray Society is offering two 1-month 
fellowships in radiology journalism for board-certified radiologists. 
The purposes of the fellowships are to stimulate interest in good 
radiology journalism and to improve the quality of radiologic journals. 
The fellows will be taught the fundamentals of medical journalism and 
publishing at the La Jolla editorial office of the AJR. Each fellow will 
be awarded $10,000, which includes travel costs, living expenses for 
the month, and an honorarium. Candidates should apply in writing to 
Robert N. Berk, M.D., Editor-in-Chief, AJR Editorial Office, 2223 
Avenida de la Playa, Ste. 200, La Jolla, CA 92037. The application 
must include the candidate's curriculum vitae, a description of goals 
to be met during the fellowship, and letters of recommendation from 
the candidate's departmental chairman and one other senior person 
in the department. The deadline for receipt of applications is Nov. 1, 
1990. The successful candidates will be notified Dec. 1, 1990. 


Society for Pediatric Radiology Research and 
Education Grants 


The Society for Pediatric Radiology (SPR) is requesting grant 
applications for a clinical or laboratory research project that involves 
some aspect of pediatric imaging. The purpose of these grants is to 
stimulate and advance careers in pediatric imaging. On completion, 
the results of the research must be submitted for presentation to the 
SPR. Eligible applicants include trainees in diagnostic radiology and 
pediatric radiologists. The deadline for submission of applications is 
Feb. 1, 1991. The application must include a statement of purpose, 
methods, materials, planned analysis procedure, proposed budget 
details, and background discussion. Copies of the curricula vitae of 
all investigators should be appended. The maximal amount to be 
awarded for any one grant is $5000. Winners will be announced at 
the SPR annual meeting in May 1991. Send applications to Dr. Mike 
Ozonoff, Dept. of Radiology, Newington Children's Hospital, 181 E. 
Cedar St., Newington, CT 06111. 


Sonography Update Conference and Exhibit 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine will present the 6th annual Sonography Update Confer- 
ence & Exhibit, Sept. 6-8, at the Hotel del Coronado, Coronado (San 
Diego), CA. The program is designed to provide practicing sonogra- 
phers and physicians an update on current and future practices in 
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diagnostic sonography. Program directors: Sandra Hagen-Ansert and 
John Forsythe. Guest faculty: Roy Filly, Michael Manco-Johnson, T. 
C. Key, and Julie Luzzi. Category 1 credit: 18.25 hr. Fee: physicians, 
$395; sonographers, technologists, and residents, $275. information: 
Dawne Ryals, Ryais & Associates, P. O. Box 1925, Roswell, GA 
30077-1925; telephone: (404) 641-9773; fax: (404) 552-9859. 


Specialist Conference on Diagnostic Ultrasound 


The Johns Hopkins Medical institutions are sponsoring Diagnostic 
Ultrasound in Obstetrics and Gynecology and Abdomen, Sept. 7-9, 
at the Baltimore Marriott Inner Harbor, Baltimore. This conference, 
now in its 19th year, will include discussions of clinical problems by 
world-renowned experts in diagnostic ultrasound. Category 1 credit: 
16.5 hr. Fee: physicians, $325; nurses and sonographers, $250. 
Information: Program Coordinator, The Johns Hopkins Medical insti- 
tutions, Office of Continuing Education, Turner Bidg., 720 Rutland 
Ave., Baltimore, MD 21205; (301) 955-2959. 


Sonography Registry Review 


The Dept. of Radiology, University of California, San Diego, Schoo! 
of Medicine, will present Sonography Registry Review, Sept. 8-9, at 
the Hotel del Coronado, Coronado (San Diego), CA. The principle 
objective of the course is to review all pertinent and essential facts 
in the major fields of diagnostic sonography. The course will cover 
the physics and instrumentation of ultrasound; abdominal, gynecoi- 
ogic, and obstetric applications; and echocardioiogy. Program direc- 
tors: Sandra Hagen-Ansert and John Forsythe. Guest faculty: Jona- 
than Limpert, Thomas Kilchesky, Cindy Maida, and James Zagzebski. 
Category 1 credit: 16 hr. Fee: physicians, $200: sonographers, tech- 
nologists, and residents, $175; fees will be reduced to $100 if the 
applicant also enrolls in the 6th annual Sonography Update Confer- 
ence. Information: Dawne Ryals, Ryais & Associates, P. O. Box 1925, 
Roswell, GA 30077-1925; telephone: (404) 641-9773: fax: (404) 552- 
9859. 


Wendell J. Scott Lecture 


James M. Moorefield, chairman of the board of chancellors of the 
American College of Radiology, will deliver the 19th annual Wendel! 
J. Scott Lecture on Sept. 10 at the Mallinckrodt institute of Radiology, 
Washington University School of Medicine, St. Louis, MO. Dr. Moore- 
field's lecture is entitled “The Relative Value of Radiology.” 
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Midwest Interventional Radiology Seminar 


The Midwest institute for Interventional Therapy is offering a 
comprehensive course on interventional radiology, Sept. 21-23, at 
the Pere Marquette Hotel, Peoria, IL. The program will cover several 
aspects of this subject, including genitourinary, gastrointestinal, and 
vascular interventions and treatment of impotency and infertility. 
Course directors: R. E. Bertino, T. M. Brady, and F. Castaneda. 
Guest faculty: J. Paimaz, J. Bookstein, W. Castaneda, J. Rosch, and 
E. vanSonnenberg. Category 1 credit: 20 hr. Fee: physicians, $375; 
residents, fellows, and technologists, $175. Information: Rose Hol- 
comb, Unversity of Illinois, College of Medicine at Peoria, Office of 
Statewide Programming, P. O. Box 1649, Peoria, IL 61656; (309) 
671-8475. 


Update in Film-Screen Mammography 


The Dept. of Radiology, University of Virginia, will offer its Sth 
annual postgraduate course, Update in Film-Screen Mammography, 
Sept. 27-28, at the Jefferson Sheraton Hotel, Richmond, VA. Course 
director: Ellen S. deParedes. Category 1 credit: 15 hr. Fee: physicians, 
$300; technologists, $200. Information: R. L. Boswell, Program Co- 
ordinator, Dept. of Radiology, Box 170, University of Virginia Health 
Sciences Center, Charlottesville, VA 22908; (804) 924-9387. 


Vermont imaging Seminar 


The Dept. of Radiology, University of Vermont, will offer its Sth 
annual Long-Weekend Imaging Seminar, Oct. 3-5, at the Top Notch 
resort, Stowe, VT. Guest faculty: Morton Bosniak, Thomas Lawson, 
and Brooke Jeffrey. Category 1 credit: 12 hr. Fee: $250. information: 
Donald Labelle, Program Coordinator, Dept. of Radiology, Medical 
Center Hospital of Vermont, Colchester Ave., Burlington, VT 05482; 
(802) 656-3593. 


Ultrasound Update 1990 


The Office of Continuing Medical Education and the Dept. of 
Radiology, University of California, Davis, School of Medicine, are 
sponsoring Ultrasound Update: 1990 Ob-Gyn/Urological Update and 
Ultrasonography, Oct. 6-7, at the Red Lion Inn, Sacramento, CA. 
The course will discuss the techniques and applications of obstetric 
and gynecologic sonography and provide a concise review of recent 
urologic sonographic applications. Category 1 credit: 10 hr; for ultra- 
sound technologists, 10 credit hr. Fee: physicians, $195; technolo- 
gists, $150. Information: Nina Musselman, Publicity Representative, 
telephone: (916) 734-5390; fax: (916) 736-0188. 


Advanced Imaging of the Musculoskeletal System 


The Dept. of Radiology, University of California, San Diego, School! 
of Medicine, will present Advanced Imaging of the Musculoskeletal 
System, Oct. 20-21, at the Hotel del Coronado, Coronado (San 
Diego), CA. The purpose of the course is to review the basics of MR 
imaging and to address the newer MR applications available. Program 
codirectors: Sevil Kursunoglu-Brahme and Donald L. Resnick. Cate- 
gory 1 credit: 12 hr. Fee: physicians, $200; residents, fellows, and 
technologists, $125. information: Dawne Ryals, Ryals & Associates, 
P. O. Box 1925, Roswell, GA 30077-1925; telephone: (404) 641- 
9773; fax: (404) 552-9859. 
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Clinical Magnetic Resonance Imaging 


The Dept. of Radiology, Yale University Schoo! of Medicine, will 
offer a 3-day seminar, Clinical Magnetic Resonance Imaging, Oct. 
22-24, at the Yale-New Haven Hospital MRI Center. Topics will 
include neurologic, musculoskeletal, and abdominal applications of 
MR imaging. Enroliment will be limited to 20 persons. Course director: 
Ruben Kier. Category 1 credit: 21.5 hr. Fee: physicians, $550; resi- 
dents, fellows, and technologists, $400. information: Office of Post- 
Graduate & Continuing Medical Education, Yale University School of 
Medicine, 333 Cedar St., P. O. Box 3333, New Haven, CT 06510; 
(203) 785-4578. 


San Diego Postgraduate Radiology Course 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, is offering the 15th annual San Diego Postgraduate 
Radiology Course, Oct. 22-26, at the Hotel del Coronado, Coronado 
(San Diego), CA. The course will provide a review of current concepts 
and recent advances in diagnostic radiology. Program director: David 
S. Feigin. Guest faculty: Lawrence Bassett, B. G. Brogdon, and Fred 
Mettler. Category 1 credit: 27 hr. Fee: physicians, $450; residents, 
fellows, and technologists, $300. Information: Dawne Ryais, Ryals & 
Associates, P. O. Box 1925, Roswell, GA 30077-1925; telephone: 
(404) 641-9773; fax: (404) 552-9859. 


Computed Body Tomography for the Technologist 


The Dept. of Radiology, The Johns Hopkins Medical Institutions, 
is sponsoring Computed Body Tomography for the Technologist: 
State of the Art, Oct. 25-28, at the Peabody Orlando Hotel, Orlando, 
FL. The meeting will present an integrated approach to the use of 
body CT. Lectures will discuss anatomic and pathologic anatomy, 
with specific emphasis on CT techniques and technology. Presenta- 
tions by leading experts in imaging and by representatives of leading 
imaging companies will allow a better understanding of scanner 
capabilities and future trends. ECE credit is pending. Fee: $350. 
Information: Program Coordinator, The Johns Hopkins Medical Insti- 
tutions, Office of Continuing Education, Turner Bidg., 720 Rutland 
Ave., Baltimore, MD 21205; (301) 955-2959. 


Interventional and Imaging Radiology 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, is offering the 10th annual Interventional and Imaging 
Radiology, Oct. 26-28, at the Hotel del Coronado, Coronado (San 
Diego), CA. This intensive course will focus on practical aspects of 
interventional radiology and will highlight imaging related to interven- 
tion. Program codirectors: Eric vanSonnenberg, Giovanna Casola, 
and Horacio D’Agostino. Guest faculty: G. R. Wittich. Category 1 
credit: 17.5 hr. Fee: $300. information: Dawne Ryals, Ryals & Asso- 
ciates, P. O. Box 1925, Roswell, GA 30077-1925; telephone: (404) 
641-9773; fax: (404) 552-9859. 


International Seminar of Medical Imaging 


The 3rd annual International Seminar of Medical imaging will be 
held at the Regal Riverside Hotel, Shatin, Hong Kong, Oct. 29-Nov. 
3. The 6-day course is sponsored by the Chinese University of Hong 
Kong and the Medical College of Wisconsin. It will consist of a series 
of lectures and seminars on imaging of the chest, abdomen, pelvis, 
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and musculoskeletal system. The faculty will include internationally 
recognized experts in the fields of CT, sonography, and MR imaging. 
They will focus on integrated imaging and the advantages of various 
radiologic techniques in problem solving. Course directors: L. Kreel, 
C. Metreweli, and T. L. Lawson. Category 1 credit: 35 hr. Fee: $500. 
Information: Thomas L. Lawson, M.D., Dept. of Radiology, Medical 
College of Wisconsin, 8700 W. Wisconsin Ave., Milwaukee, WI 
53226; (414) 257-6024; or Miss Rebecca Tsui, Dept of Diagnostic 
Radiology and Organ imaging, Prince of Wales Hospital, Shatin, N. 
T., Hong Kong; telephone: 6363213; fax: 6360012. 


3D Neuroimaging: Theory and Clinical Applications 


The Dept. of Radiology and Radiological Sciences, The Johns 
Hopkins Medical institutions, is sponsoring 3D Neuroimaging: Theory 
and Clinical Applications, Oct. 30-31, at the Thomas B. Turner Bidg., 
The Johns Hopkins Medical Institutions, Baltimore. The course is a 
lecture series on the theory and clinical applications of three-dimen- 
sional neuroimaging. its intent is to provide practical relevant infor- 
mation to practicing radiologists and referring physicians who are 
interested in the use of this imaging technique. Category 1 credit: 
16.5 hr. Fee: physicians, $300; Johns Hopkins staff, $200. informa- 
tion: Program Coordinator, The Johns Hopkins Medical institutions, 
Office of Continuing Education, Turner Bidg., 720 Rutland Ave., 
Baltimore, MD 21205; (301) 955-2959. 


Course on CT and MR Imaging 


The Dept. of Diagnostic Radiology, Rush—Presbyterian-St. Luke's 
Medical Center, will hold its 17th annual course on CT and MR 
imaging of the brain, head, neck, and spine, Nov. 1-2, at the Westin 
Hotel, Chicago. The course will provide instruction in the performance 
and interpretation of selected CT and MR examinations of the brain, 
head, neck, and spine. Course materials will include both CT scans 
and MR images and, in most instances, will attempt to present 
comparisons of the two techniques. Guest faculty: D. O. Davis, M. 
H. Gado, D. C. Harwood-Nash, A. N. Hasso, V. M. Haughton, S. K. 
Hilal, T. P. Naidich, A. G. Osborn, R. G. Ramsey, E. J. Russel, and 
P, M. Som. Category 1 credit: 15 hr. Fee: physicians, $435; residents 
and fellows, $300. Information: Michael S. Huckman, M.D., Dept. of 
Diagnostic Radiology, Rush-Presbyterian-St. Luke’s Medical Center, 
1753 W. Congress Parkway, Chicago, IL 60612; (312) 942-5781. 


Principles and Practice of MRI 


The Dept. of Radiology, Division of Magnetic Resonance imaging, 
The Johns Hopkins Medical Institutions, is sponsoring Principles and 
Practice of MRI, Nov. 1-4, at the Hyatt Regency Baltimore, Baltimore, 
MD. Category 1 credit: 24 hr. Fee: physicians, $495; residents and 
fellows, $250. Information: Program Coordinator, The Johns Hopkins 
Medical Institutions, Office of Continuing Education, Turner Bidg.. 
720 Rutland Ave., Baltimore, MD 21205; (301) 955-2959. 


Advanced Seminars in Diagnostic Imaging 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present Advanced Seminars in Diagnostic imaging, 
Dec. 7-9, at the Ritz-Carlton Resort Hotel, Laguna Niguel, CA. The 
course will consist exclusively of small group sessions rather than 
lectures. Emphasis will be on instruction individually tailored to the 
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needs, interests, and desires of the registrants. The course is in- 
tended for experienced imagers and other physicians who have a 
thorough knowledge of the fundamentals of radiology. Program di- 
rector: David S. Feigin. Category 1 credit: 18 hr. Fee: physicians. 
$400; residents, fellows, and technologists, $275. Information: 
Dawne Ryais, Ryals & Associates, P. O. Box 1925, Roswell, GA 
30077-1925; telephone: (404) 641-9773: fax: (404) 522-9859, 


World Congress in Ultrasound 


The 6th World Congress in Ultrasound, WFUMB-91, will be held 
Sept. 1-6, 1991, in Copenhagen, Denmark. information: Spadille 
Congress Service ApS, Sommervej 3, DK - 3100 Hornbaek, Denmark: 
telephone: +45 2 202496: fax: 45 2 20 0160. 


New SPR Officers 


The 1990-1991 officers of The Society for Pediatric Radiology are 
Donald R. Kirks, president; E. A. Franken, dr., chairman. board of 
directors; Wiliam H. McAlister, first vice-president; M. B. Ozonoff, 
second vice-president; Carol M. Rumack, secretary: and ina L. D. 
Tonkin, treasurer. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Sept. 27-28, 1990, and Oct. 3-4, 1991. Oral 
examinations will be heid at the Executive West Hotel in Louisville. 
KY, June 3-7, 1991. The ABR will accept applications for admission 
to the examinations after July 1, but not later than Sept. 30, in the 
year preceding the year in which the examination is to be taken. For 
application forms and further information: Office of the Secretary, The 
American Board of Radiology, 300 Park, Ste. 440, Birmingham, MI 
48009. 


Meeting and Course Review 


For the reader's convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 


Cyanoacrylate Embolization Course, times arranged, Baltimore 
(July) 

Visiting Fellowships in Ultrasound, times arranged, Baltimore (Aug) 
Physics of Diagnostic Radiology, Nuclear Medicine, and Radiation 
Biology, Sept. 6-9, Sacramento, CA (July) 

interventional Radiology Update 1990, Sept. 7, Toronto (July) 
Registry Preparation Courses for Sonographers: Ultrasound Phys- 
ics, Sept. 7-8, Dallas, Sept 24-25, Los Angeles. Sept. 29-30, 
Washington, DC, and Oct. 5-6, Chicago; Doppler Physics, Sept. 9. 
Dallas, Sept. 26, Los Angeles, Oct. 1. Washington, DC. and Oct. 7, 
Chicago, Abdominal Ultrasound Review, Sept. 26-27, Washington, 
DC; and OB/GYN Ultrasound Review, Sept. 28. Washington, DC 
(June) 

Organ imaging Review, Sept. 9-14, Toronto (July) 

Mammography for the General Radiologist, Sept. 10-13 and Oct. 
22-25, Boston (March) 

Uroradiology Postgraduate Course, Sept. 10-14, Vancouver, B.C. 
{April and July) 

Courses in MR Imaging at Emory University, Course for Technol- 
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ogists, Oct. 15-19 and Nov. 4-10; Course for Physicians, Sept. 
10-14, Sept. 24-28, Oct. 1-5, Oct. 29-Nov. 2, Nov. 12-16, and 
Dec. 3-7; Atlanta (June) 

Obstetrics and Gynecology, Sept. 10-14, Oct. 8-12, and Nov. 5- 
9, Philadelphia (July) 

Radiology/90: GI Imaging and Intervention, Sept. 10-14, Minne- 
apolis (Aug) 

European Society of Head and Neck Radiology Annual Meeting, 
Sept. 12-15, Brescia (Lake of Garda), Italy (Feb) 

Applied Ultrasound: Accent on Doppler, Sept. 12-15, Naples, FL 
(April) 

Musculoskeletal Disorders, Sept. 12-15, Salzburg, Austria (April) 
international Symposium on Biliary Lithotripsy, Sept. 13-15, Mun- 
ich, Germany (June) 

Transrectal Ultrasound and Prostate Cancer, Sept. 14-15, Chicago 
(July) 

MRI for Radiologic Technologists, Sept. 14-15 and Dec. 7-8, 
Houston (July) 

Advances in Mid and Low Field Magnetic Resonance Imaging, 
Sept. 14-16, Portland, OR (June) 

Resident’s Review in Physics and Radiobiology, Sept. 14-16, 
Houston (July) 

interdisciplinary Management of Dysphagia, Sept. 15, San Antonio 
(June) 

Interventional Neuroradiology: Current Practices and Techniques, 
Sept. 16-18, Baltimore (June) 

Tomography for Technologists, Sept. 17-18 and Nov. 12-13, At- 
lanta (June) 

international Radiology/2nd Marmara Medical Days, Sept. 19-21, 
Haydarpasa-lstanbul, Turkey (March) 

international Meeting on Topics of interventional Radiology, Sept. 
20-22, Hotel Oranje Noordwyk, the Netherlands (May) 

Radiology in Britain and Brussels, Sept. 23-30, Eastbourne, Sus- 
sex, England, and Brussels, Belgium (May) 

Quantitative Thallium Myocardial Tomography, Sept. 24-25 and 
Oct. 22-23, Atlanta (June) 

international Conference on Ultrasound Angiography, Sept. 25- 
28, London, United Kingdom (Feb) 

Neuroradiology Courses at Harvard: Current Concepts in Neuro- 
radiology, Oct. 1-3; Head and Neck Radiology and Neuro-MRiI, 
Oct. 4-5; Boston (June) 

Abdominal Ultrasound, Oct. 1-4 and Nov. 12-15, Philadelphia (July) 
MRI: Clinical State of the Art 1990, Oct. 3-6, New York City (Aug) 
Prostate Ultrasound, Oct. 5 and Nov. 16, Philadelphia (July) 

Royal Australasian College of Radiologists Annual Meeting, Oct. 
5-11, Perth, Western Australia (April) 

International Body Imaging Conference, Oct. 6-13, Maui, HI (Aug) 
Yale Symposium on Duplex and Doppler Ultrasound, Oct. 8-9, 
Trumbull, CT (Aug) 

Practical Radiology, Oct. 8-11, Charlottesville, VA (May) 
Cardiovascular Imaging and Interventional Radiology, Oct. 9-12, 
Cambridge, MA (June) 

Nuclear Cardiology Symposium and Workshops, Oct. 10-12, Mil- 
waukee (July) 
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Magnetic Resonance Imaging 1990: Back to the Future, Oct. 10- 
13, Cincinnati (May) 

Tutorial in Italy, Oct. 10-15, Lake Como, Italy (Aug) 

American Lithotripsy Society Annual Meeting, Oct. 11-14, San 
Diego (March) 

Michigan Fall Radiology Conference, Oct. 12-13, Royal Oak, MI 
(Aug) 

MR Imaging Course in Riyadh, Saudi Arabia, Oct. 14-17, Riyadh, 
Saudi Arabia (April) 

Canadian Association of Radiologists Annual Meeting, Oct. 14- 
18, Vancouver, B.C. (Aug) 

Digital Imaging and Other New Trends in Clinical Practice, Oct. 
15-18, Boston (June) 

Mammography Update 1990, Oct. 18-19, Madison, WI (July) 
Seminar in Diagnostic Ultrasound, Oct. 18-20, Ann Arbor, MI (July) 
Western Neurological Society Annual Meeting, Oct. 19-21, Santa 
Fe, NM (July) 

Neuroradiology Update, Oct. 19-21, Birmingham, AL (July) 

Update on MR Imaging and CT, Oct. 22-26, Cambridge, MA (June) 
Advanced Neuroradiology Seminar, Oct. 25-27, Orlando, FL (June) 
Course on Color Doppler Imaging, Oct. 25-27, Beverly Hills, CA 
(Aug) 

Advances in Diagnostic Radiology, Oct. 28-Nov. 1, Tucson, AZ 
(July) 

Advances in Color Doppler Sonography, Nov. 1~3, White Sulphur 
Springs, WV (May) 

Symposium on Bone and Soft-Tissue Tumors, Nov. 9-10, Sacra- 
mento, CA (May) 

MR Imaging Update, Dec. 13-15, New York City (Aug) 

Future and Present MRI, Jan. 9-13, 1991, Naples, FL (Aug) 
Advanced Seminars in Diagnostic Imaging, Jan. 19-21, 1991, 
Laguna Niguel, CA (Aug) 

Diagnostic Imaging in Aruba, Jan. 20-26, 1991, Aruba (Aug) 
international Symposium on MR imaging, Jan. 23-27, 1991, Gar- 
misch-Partenkirchen, Bavaria (Aug) 

international Pediatric Radiology 91, May 27-31, 1991, Stockholm 
(Aug) 

international Congress of Radiation Research, July 7-12, 1991, 
Toronto. Deadline for Junior Investigators Awards, Oct. 15, 1990; for 
abstracts, Jan. 15, 1991 (May) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double-spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJA Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037-3218. 
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American Roentgen Ray Society: 
Officers, Committees, and Membership Information 





Officers 


President: M. Paul Capp 

President-elect: John A. Kirkpatrick, Jr. 
tst Vice-president: A. Everette James, Jr. 
2nd Vice-president: Andrew K. Poznanski 
Secretary: Joseph T. Ferrucci, Jr. 
Treasurer: Beverly P. Wood 


Executive Council: R. J. Alfidi, R. N. Berk, M. P. Capp, W. J. 
Casarella, N. R. Dunnick, R. G. Evens, J. T. Ferrucci, Jr., A. 
E. James, Jr., J. A. Kirkpatrick, Jr., A. M. Landry, Jr., J. E. 
Madewell, A. A. Moss, A. K. Poznanski, L. F. Rogers, R. J. 
Stanley, J. H. Thrall, K. H. Vydareny, N. O. Whitley, B. P. 
Wood, G. R. Leopold, chairman 


Committees 


Editorial Policy: R. N. Berk, E. Buonocore, S. v. W. Hilton, M. 
S. Huckman, C. A. Rohrmann, Jr., R. J. Stanley, R. I. White, 
W. J. Casarella, chairman 

Education and Research: C. B. Higgins, B. J. Hillman, R. A. 
McLeod, R. J. Stanley, W. M. Thompson, N. O. Whitley, 
chairman 

Finance and Budget: R. J. Alfidi, R. K. Gedgaudas-McClees, 
J. R. Thornbury, K. H. Vydareny, J. H. Thrall, chairman 
Nominating: G. A. W. Gooding, L. F. Rogers, K. H. 
Vydareny, chairman 

Publications: E. Buonocore, C. A. Rohrmann, Jr., R. J. Stan- 
ley, R. 1. White, W. J. Casarella, chairman 


Membership: J. E. Madewell, A. A. Moss, K. H. Vydareny, R. 
J. Alfidi, chairman 


Representatives to Other Organizations 


American Board of Radiology: J. A. Kirkpatrick, Jr., E. C. 
Klatte, L. F. Rogers 


American College of Radiology: J. M. Dennis, R. A. Gag- 
liardi, J. E. Madewell, B. L. McClennan, R. J. Stanley 


American Medical Association: S. F. Ochsner, delegate; K. 
L. Krabbenhoft, alternate; K. L. Kidd, CPT Advisory Committee 


American National Standards Institute: M. E. Haskin 


National Council on Radiation Protection and Measure- 
ments: F. Miraldi, E. L. Saenger 


Armed Forces institute of Pathology: J. E. Madewell 


Meeting Arrangements 


Annual Meetings: May 5-10, 1991, Sheraton Boston, Bos- 
ton; May 10-15, 1992, Marriott's World Center, Orlando, FL 


Annual Meeting Committee: H. C. Carlson, J. K. Crowe, N. 
R. Dunnick, R. R. Lukin, R. J. Stanley, R. D. Steele, Jr., A. M. 
Landry, Jr., chairman 


Instructional Courses: R. J. Stanley, chairman 


Scientific Program: P. Arger, E. Buonocore, D. O. Davis, K. 
B. Hunter, D. Kushner, T. C. McLoud, W. A. Murphy, dr., L. 
B. Talner, J. H. Thrall, J. A. Kirkpatrick, chairman 


Scientific Exhibits: J. R. Haaga, R. G. Ramsey, N. R. Dun- 
nick, chairman 


ARRS Membership 


An application form is printed in this issue of the Journal. 
For consideration at the 1991 ARRS meeting, send completed 
forms before February 1, 1991, to American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091. Active 
members are graduates of an approved medical or osteo- 
pathic schoo! or hold an advanced degree in an allied science. 
They must practice radiology or work in an associated science 
in the United States or Canada and be certified by the Amer- 
ican Board of Radiology, American Osteopathic Board of 
Radiology, or Royal College of Physicians of Canada or 
otherwise adequately document training and credentials. Cor- 
responding members are foreign radiologists or scientists who 
are active in radiology or an allied science. Members-in- 
training are residents or fellows in radiology or postgraduate 
Students in an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8900. 
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American Roentgen Ray Society 91st Annual Meeting 


May 5-10, 1991, Boston, MA 
Sheraton Boston Hotel 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
February and March 1991 issues of the AJA. 


Scientific Program 


Abstracts of papers to be considered for the program must be 
submitted by November 1, 1990. Forms on which to submit ab- 
stracts are in this issue of the AJR. The ARRS Program Committee 
will select papers and notify authors in early January. The AJA has 
first rights to all papers accepted for presentation at the ARRS meet- 
ing. Send abstract, application, and four copies of the abstract to 


John A. Kirkpatrick, Jr., M.D. 
c/o Paul R. Fullagar 

American Roentgen Ray Society 
1891 Preston White Dr. 

Reston, VA 22091 


Refresher Course Program 


A summary of the refresher courses will appear in the AJR in Feb- 
ruary along with advance registration forms. Early registration is an 
advantage in assuring preferred courses in this popular program. 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chairman of Ex- 
hibits by November 1, 1990. Forms, which may be photocopied, are 
in this issue of the AJR. Send completed form to 


N. Reed Dunnick, M.D. 

c/o Paul Fullagar 

American Roentgen Ray Society 
1891 Preston White Drive 
Reston, VA 22091 

Telephone (703) 648-8992 


Local Program 


A program of sightseeing, shopping. and entertainment will be de- 
veloped by the Local Arrangements Chairman. Information and ad- 
vance registration forms will be in the February issue of the AJR. 


Residents’ Award Papers 


The society offers several cash awards for the best scientific pa- 
pers prepared by residents in radiology. The President's Award has a 
$2000 prize. There are two Executive Council awards of $1000 
each. All are presented at the annual meeting. Papers should be 
submitted by February 15, 1991, for consideration in this competi- 
tion. Send entries to 


Nancy O. Whitley, M.D. 

Dept. of Radiology 

University of Maryland Medical Systems Hospital 
22 S. Greene St. 

Baltimore, MD 21201 


Deadlines 


Abstracts of papers: November 1, 1990 
Scientific exhibit proposals: November 1, 1990 
Residents’ Award papers: February 15, 1991 


A NT a ann ct RN yy I I IN REI RAINE REFS ah etry meee anne V et fee amanan 


| ADDRESS OF PRESENTING AUTHOR 


Call for Papers 


irme errrerermunanerwrasmavennrasewananasurasrasjunananannantetitta hdr rianan aaa a E Seat RIL MMAR Rtn A AAA et regs ean esl BEANA Abe 


» Amencan Roentgen Ray Society ere ee aes eee ee eer ee ee 


1991 Annual Meeting: ESI : 
M ay 5-1 0, 199 1 , Bo ston, M A Gity, State oo. Zip : 


Type title, authors, and abstract in the space provided below. (instructions are on reverse side of this page. Abstract should not exceed 300 words 3 





Breast Chest CT 


Sonography 


Select one category: ——Angio/Interventional 
MR Neuroradiology Skeletal 


Gastrointestinal Tract —....'Genitourinary Tract 


























bk 


Projection Requirements: 35 mm, single or double (circle one) 16 mm silent film va” YHS 3/4” 














Has this been presented elsewhere? yes ________0. If yes, please describe on reverse side of this page. 
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instructions for Scientific Abstracts 


1. Type the information single-spaced within the lines. Underline the 2. Abstracts should include four paragraphs devoted sequentially to 


name of the presenting author. Append as a last line of the abstract the following topics: (1) object or purpose of the study, (2) mate- 
any research grant support, if applicable (e.g., Supported by rials, methods, and procedures, (3) results, (4) significance of the 
USPHS Grant HE-80144). If the abstract is accepted, it will not be results and conclusions. The text should not exceed 300 words. 
proofread; it will appear exactly as typed. Use the following format: Specific data are essential. The abstract should be a succinct 
summary of work done rather than a promissory note. 
MR IMAGING OF THE SPINE AND NECK 3. The Program Committee will grade each abstract and determine 
F. S. Lau, M.D., A. N. Kirk, M.D., and R. A. Beck, Ph.D. acceptance. Further information will be forwarded to those whose 
University of California, Bakersfield, Bakersfield, CA 92338 abstracts are accepted for presentation. 


Deadline for submission of abstract is November 1, 1990. Mail abstract and four copies to 


John A. Kirkpatrick, Jr., M.D. 
c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 


Call for Scientific Exhibits son commer use ony 


American Roentgen Ray Society | | D | 
B . | Date Received Application No. , 
1991 Annual Meeting: So)! e i o NEE SCONE eaa Ba 
M ay 5-1 0, 1 99 1 Boston, MA | Rejected 2 Accepted 0 : 
| Assigned —— Space No. e | 
Principal Exhibitor’s Mailing Address 
Nan same er ee ee ee eT eee ee at ee NUS OI eo Ps te PREM SS re iste palette 
EDA ae es ras LS <0 569 {1k Oe ee eee ae Oe ee an enh ee E i eee EEEE OR 
SOl use a D COE ea r eii -Telephone: Office( oo) Ome o o 22 
a Names of Exhibitors (List principal exhibitor first and telephone number of each person.} 

Last First Middle Telephone Degree n 
(one only) Member ARRS? 
PE OU UG a a a Be ce a aan teeth Serta gS a 


Type abstract single-spaced in the space provided below. (See instructions on the reverse side of this page.) 


instructions for Abstract 


The abstract should be a brief paragraph that states the purpose, principal information, and conciusions of the exhibit. Promissory statements 
are not acceptable. Type single-spaced in the space provided on the reverse side. Brevity is desirable but not at the expense of specific 
information. The abstract will appear in the program book as submitted. Please use typewriter and complete the application form on both 


sides. List space requirements. 


What Type of Exhibit Is Proposed? (Check one and fill in all appropriate blanks.) 
ae ees _Free-standing. This is a self-contained display created in total by the exhibitor. It may be a fold-open unit, a unit shipped in cases and 
assembled on site, or a tabletop unit. Linear feet required ___. 


_ Poster Board (backboard panels). Backboard panels are 4 x 8 ft. (1.2 x 2.5 m). Number of panels required —___. if two panels are 
needed, there will be a 14-in. frame separating the panels, thus requiring a separation in the presentation. 


___.._ Viewbox. Mounted materials (radiographs and other transparencies) for display on the society's illuminators. Each illuminator is 39.5 x 
59.5 in. (100 x 151 cm). Number of illuminators required ____. . Materials should not be glass mounted. 


Piease Indicate Most Appropriate Category. 








e Bone _______. Cardiovascular —__ _ Chest _...___. Gastrointestinal —-—— Genitourinary Breast Medical physics 
_.._.. Neuroradiology Nuclear medicine ____. Pediatric ___.. Radiation oncology —— . Radiobiology ————— Sonography 





Exhibits will be chosen on the basis of the quality of the abstract and space available. Poster board exhibits are encouraged, as they do not 
require a viewbox or electricity. 


Signature of Principal Exhibitor 


suran neee eee e yg E AAAA e NEE PL YL AR EE erent A ALLA RR ARNOTT 





Exhibitors will receive instructions for exhibit preparation. 


Applications must be received no later than November 1, 1990. Mail original and five copies to 


N. Reed Dunnick, M.D. 

c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 


Telephone: (703) 648-8900 
FAX: (703) 648-9176 


Classified Advertisements 


Positions Available 


SALT LAKE CITY, UT—Opportunity for board- 
certified diagnostic radiologist, with recent MRI 
fellowship training, to join group of 7 board- 
certified radiologists. Experience in all aspects of 
genera! radiology required. Practice includes 2 
hospitals, 2 private offices, and a freestanding 
MRI center. Send letter and CV to Neel E. Ben- 
nett, M.D.. Medical Director and Chairman, Dept. 
of Radiology, Holy Cross Hospital, 1050 E. S. 
Temple, Salt Lake City, UT 84102: (801) 350-4636. 
9xa 


NEW ENGLAND—BC/BE diagnostic radiologist, 
with expertise in ultrasound, CT, and mammog- 
raphy sought by 6-member, office practice dept. 
in an established, rapidly expanding, multispe- 
cialty, prepaid, and FFS group practice. New 
imaging center. Physician owned and directed. 
Send CV to Medical Director, Fallon Clinic, inc., 
630 Plantation St., Worcester, MA 01604. 9-10ap 


NEURORADIOLOGIST/MRI, BALTIMORE— 
Seven-member group seeks radiologist to help 
Start and run a new 1.5-T MRI located on hospital 
grounds. Three yr to partnership, generous com- 
pensation package, and a democratically run 
group (that has never lost a member). Candidate 
will initially do mostly MRI but in time will be 
expected to rotate through other modalities. Send 
letter and CV to Douglas Brunner, M.D., 7401 
Osler Dr., Ste. 105, Towson, MD 21204. 9ap 


MAMMOGRAPHER—Memorial Sloan-Kettering 
Cancer Center (MSKCC) is recruiting a mammog- 
rapher to join a dept. of medical imaging that is 
undergoing revitalization and expansion of its 
physical plant and staffing. The active mammog- 
raphy program includes activities at Memorial 
Hospital, as well as in mobile units, a neighbor- 
hood screening site, and (in June 1991) a free- 
Standing imaging center associated with MSKCC 
Breast Clinic. An increasing emphasis on inves- 
tigative and teaching activities will complement 
existing strengths in patient care. The candidate 
must be board-certified or eligible, have additional 
training or experience in mammography, and 
have a commitment to house staff education and 
investigative activities. Appointment to the center 
and to the affiliated program at Cornell University 
Medical College will be made at a level appro- 
priate to the candidate’s experience and accom- 
plishments. Interested individuals should forward 
CV and bibliography to Ronald A. Castellino, M.D., 
Chairman, Dept. of Medical imaging, Memorial 
Sloan-Kettering Cancer Center, 1275 York Ave., 
New York, NY 10021. Memorial Sloan-Kettering 
iS an equal opportunity/affirmative action 
employer. 9a 


NEURORADIOLOGIST—Memorial Sloan-Ketter- 
ing Cancer Center is recruiting a neuroradiologist 
to join a dept. of medical imaging that is under- 
going revitalization and expansion of its physical 
plant and staffing. An increasing emphasis on 
investigative and teaching activities will comple- 
ment existing strengths in patient care. The can- 
didate must be board-certified or eligible, have 
additional training or experience in neuroradi- 
ology, and have a commitment to house staff 
education and investigative activities. Appoint- 
ment to the center and to the affiliated program 
at Cornell University Medical College will be 
made at a level appropriate to the candidate's 
experience and accomplishments. interested 
individuals should forward CV and bibliography 
to Ronald A. Castellino, M.D., Chairman, Dept. 
of Medical Imaging, Memorial Sloan-Kettering 
Cancer Center, 1275 York Ave., New York, NY 
10021. Memorial Sloan-Kettering is an equal 
opportunity/affirmative action employer. 9a 


CROSS-SECTIONAL BODY IMAGING, ABDOM- 
INAL IMAGING, MUSCULOSKELETAL RADI- 
OLOGIST, AND PEDIATRIC RADIOLOGIST— 
Memorial Sloan-Kettering Cancer Center is seek- 
ing diagnostic radiologists with expertise in 1 or 
more of the above activities to join a dept. of 
medical imaging that is undergoing revitalization 
and expansion of its physical plant and Staffing. 
An increasing emphasis on investigative and 
teaching activities will complement existing 
Strengths in patient care. The candidates must 
be board-certified or eligible, have additional 
training or experience in 1 or more of the above 
activities, and have a commitment to house staff 
education and investigative activities. Appoint- 
ment to the center and to the affiliated program 
at Cornell University Medical College will be 
made at a level appropriate to the candidate's 
experience and accomplishments. interested 
individuals should forward CV and bibliography 
to Ronald A. Castellino, M.D., Chairman, Dept. 
of Medical Imaging, Memorial Sloan-Kettering 
Cancer Center, 1275 York Ave., New York, NY 
10021. Memorial Sloan-Kettering is an equal 
opportunity/affirmative action employer. 9a 


PEDIATRIC RADIOLOGIST—Yale University 
School of Medicine, Yale-New Haven Medical 
Center, is seeking a radiologist for a full-time 
faculty appointment. Academic rank will be at the 
tenured or nontenured assistant/associate pro- 
fessor level, depending on qualifications. Clinical 
responsibilities include both radiographic and 
cross-sectional pediatric imaging along with 
teaching conferences and training of radiology 
and pediatric house staff. Involvement with ongo- 
ing or new research projects will be encouraged. 
A new children’s hospital, scheduled for comple- 
tion in mid-1993, will contain its own pediatric 
imaging dept. Please send inquiries along with 
CV to Marc S. Keller, M.D., Chief, Section of 
Pediatric Imaging, Dept. of Diagnostic Radiology. 
Yale University School of Medicine, 333 Cedar 
St., New Haven, CT 06510. Yale University is an 
equal opportunity/affirmative action employer; 
applications from women and minority groups 
are encouraged. Application deadline is Oct. 30, 
1990. 9~-10a 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing. Seeking a board-certified radiologist with 
specialty in ER radiology. Academic rank of assis- 
tant or associate professor level. Dept. currently 
performs 87,000 exams/yr and has a residency 
training program. Strong teaching background 
required. Compensation commensurate with 
qualifications and experience. Must possess or 
be able to obtain Missouri licensure. Send letter 
of interest and CV to Fong Y. Tsai, M.D., Profes- 
sor and Chairman, University of Missouri-Kansas 
City, Dept. of Radiology, 2301 Holmes. Kansas 
City, MO 64108. 9-1lap 


BC GENERAL DIAGNOSTIC RADIOLOGIST— 
immediate opening at the Dartmouth-Hitchcock 
Medical Center, Mary Hitchcock Memorial Hospi- 
tal (420 beds, 58,000 inpatient, 48,000 outpatient 
exams/yr). Dept. consists of 13 staff and 9 res- 
ident radiologists with full range of modern 
radiologic practice. Seeking general diagnostic 
radiologist to be member of a 200-physician, 
academic, multispecialty group that forms the 
Clinical faculty of Dartmouth Medical School. 
Strong clinical orientation and interest in teaching 
is essential. Board certification or eligibility is 
required. Write to Peter K. Spiegel, M.D., Dept. 
of Radiology, Dartmouth-Hitchcock Medical Cen- 
ter, 2 Maynard St., Hanover, NH 03756. The 
Dartmouth-Hitchcock Medical Center is an affir- 
mative action/equal opportunity employer, and 
applications from women and minority groups 
aré encouraged. 9a 


THE DIVISION OF VASCULAR AND INTERVEN- 
TIONAL RADIOLOGY of Emory University, Dept. 
of Radiology, is seeking a fellowship-trained, 
interventional radiologist to join our staff, This 
is an exciting opportunity for an individual with 
Clinical, teaching, and/or research interest, We 
are involved in all aspects of interventional radi- 
ology including angioplasty. atherectomy, laser 
angioplasty, thrombolysis, and biliary and GU 
intervention. Our equipment is state-of-the-art. 
Research opportunities are available in a fully 
equipped research laboratory. Atlanta is a cosmo- 
politan city with ample cultural and recreational 
resources and a mild climate. interested candi 
dates should contact Stephan L. Kaufman, M.D., 
Dept. of Radiology, Emory University Hospital, 
1364 Clifton Rd., N.E., Atlanta, GA 30322. Emory 
University is an equal opportunity, affirmative 
action employer. 9-41a 


DENVER, CO—Group of 8 diagnostic radicio- 
gists engaged in a predominantly hospital-based 
practice is seeking a new member on or about 
10-1-80. The group provides diagnostic imaging 
services for a 565-bed, tertiary-care teaching 
hospital. The new member should be trained in 
diagnostic radiology and have fellowship training, 
and/or additional experience beyond residency 
level, in nuclear medicine. The new member wil! 
be primarily responsible for nuclear medicine but 
must be willing to participate in other modalities 
of diagnostic imaging. Salary, benefits, vacation 
time, and time to partnership are all competitive 
for the Rocky Mountain region. interested parties 
should send their CV to Steve A. Holt, MD. 
Western Radiologists, PC., 3865 Cherry Creek 
Dr, N., Ste. 350, Denver, CO 80209. 9ap 


BC/BE RADIOLOGISTS—VA Medical Center 
(VAMC), lowa City, IA, has opening for full-time 
and/or part-time BC/BE radiologists with exper- 
ience in CT. ultrasound, MRI and angiography. 
Radiology Service recently movad into an all new, 
expanded radiology suite with state-of-the-art 
equipment. This 327-bed VAMC is closely affi!- 
lated with the University of lowa. University 
residents are present full-time in the dept. Oppor- 
tunities for teaching and research exist. Suitable 
candidates will be considered for combined 
University/VAMC appointment at a level and 
Salary commensurate with training and exper- 
lence. Send CV and federal application for phy- 
sicilans, VA form 10-2850, to J. E. Kasik, M.D., 
Chief of Staff, VAMC, lowa City, IA 52246. For 
additional information, call Edith A. Kurth, Per- 
sonnel Service (05A), VA Medical Center, lowa 
City, IA 52246; (319) 338-0581, ext. 7730. The 
Dept. of Veterans Affairs is an equal opportunity 
employer. 9-10a 


THE DIVISION OF NUCLEAR MEDICINE, Ore- 
gon Health Sciences University, Portland, OR, 
invites applications for a faculty position available 
immediately either part-time in nuciear medicine 
or full-time divided between nuclear medicine and 
another division of diagnostic radiology. Board- 
certification in nuclear medicine is required. Send 
CV to Richard W. Katzberg, M.D., Chairman, or 
Jeffrey S. Stevens, M.D., Dept. of Diagnostic 
Radiology, UHN72, Oregon Health Sciences Uni- 
versity, 3181 S.W. Sam Jackson Park Ad., Port- 
land, OR 97201-3098. OHSU is an affirmative 
action, equal opportunity employer 9-12a 


DIAGNOSTIC RADIOLOGISTS — Owing to expan- 
sion and retirement, several positions are avail- 
able with a large, dynamic radiology group in the 
Central New Jersey/Bucks County, PA, region. 
Openings for radiologists with expertise in 1 or 
more of the following: nuclear medicine, general, 
angio/interventional, and MRE immediate avail- 
ability. Send letter and CV to E. Tarasov. M.D. 
838 W. State St, Trenton, NU 08618. 9-10a 
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OUTPATIENT CLINIC-RADIOLOGIST, UNIVER- 
SITY OF PITTSBURGH—We are seeking an 
additional radiologist for the Falk Clinic—Qut- 
patient Division. This is an attractive, modern 
facility with state-of-the-art equipment, including 
plain radiography, fluoroscopy, mammography, 
sonography, and CT. The appointment will be at 
the assistant or associate professor level, with 
rank appropriate with experience. Salary and 
fringe benefits are very competitive. This is an 
academic appointment with emphasis on clinical 
service and teaching. The University of Pitts- 
burgh is an equal opportunity employer. Contact 
Michael P. Federle, M.D., Professor and Chair- 
man, Dept. of Radiology, Presbyterian-University 
Hospital, DeSoto at O’Hara Sts., Pittsburgh, PA 
15213. 9~liap 


RADIOLOGIST WITH MRI EXPERTISE to join 2 
radiologists in the San Francisco Bay area. Office 
and hospital practice includes general radiology, 
ultrasound, mammography, MRI, and some resi- 
dent teaching at Stanford. Excellent salary lead- 
ing to partnership. Wonderful area to live in, 
Contact C-3, 1101 Welch Road, Palo Alto, CA 
94304; (415) 323-1343. 9ap 


ANGIOGRAPHY /INTERVENTIONAL RADIOLO- 
GIST—Excellent opportunity for diagnostic radiot- 
ogist with additional training in angiography and 
interventional radiology to join private practice 
group of 13 radiologists. Practice in 600-bed, 
university-affiliated, community hospital, with 
radiology residency, in a pleasant suburban set- 
ting 25 mi. from New York City. State-of-the-art 
equipment including Acuson with color Doppler, 
Siemens Somatom Plus CT, and 1.5-T Magnetom. 
Competitive salary leading to partnership. Please 
send CV to A. Salomon, M.D., 151 Summit Ave., 
Summit, NJ 07901. 9-12ap 


RADIOLOGIST, MARYLAND—BC/BE to join 7 
physicians in our radiology dept. Neuroradiology 
fellowship training desired. Key features include 
knowledge of neuro MRI, angiography, and CT. 
Need to have willingness to do other aspects of 
radiology. Part of a larger physician muitispeciaity 
group, providing care for BC/BS affiliated HMO 
as well as growing FFS practice. Excelient bene- 
fits and salary. Located in Columbia, MD, near 
the cultural advantages and medical schools of 
the Baltimore-Washington, DC, area. Please 
direct inquiries and CV to Patuxent Medical 
Group, 2 Knoll N. Dr., Ste. 401, Columbia, MD 
21045, Attn: Physician Recruiter. 9-10ap 


CHIEF, SECTION OF ULTRASOUND, SAN 
FRANCISCO GENERAL HOSPITAL, University 
of California, San Francisco, School of Medicine. 
UCSF is seeking an ultrasound radiologist to 
serve as chief of the ultrasound section at San 
Francisco General Hospital, 1 of 3 core affili- 
ated teaching hospitals. The candidate will be 
appointed at the level of associate professor or 
professor of radiology (depending on qualifica- 
tions). Responsibilities include clinical service, 
teaching, research, and administration of the 
Section of Diagnostic Sonography. The candidate 
will teach sonography to residents and medical 
students and participate in research in sonogra- 
phy, diagnostic radiology, CT, and MRI. Require- 
ments include significant prior research in diag- 
nostic sonography, faculty experience at another 
university, experience in high-risk obstetric sonog- 
raphy, experience in CT and interventional pro- 
cedures, board certification, and a California 
medical license. UCSF is an equal opportunity/ 
affirmative action employer. Minority groups, 
women, and handicapped persons are encour- 
aged to apply. Send CV to Roy A. Filly, M.D., 
Vice-Chairman, Dept. of Radiology, UCSF, San 
Francisco, CA 94143-0628. 9a 
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NUCLEAR MEDICINE—Excellent opportunity for 
a diagnostic radiologist with special interest in 
nuclear medicine (special competency preferred) 
to join a private-practice group of 13 radiologists. 
600-bed, university-affiliated community hospital, 
with radiology residency, in a pleasant suburban 
setting 25 mi. from New York City. State-of-the- 
art equipment including Acuson with color Dop- 
pier, Siemens Somatom Plus CT, and 1.5-T Mag- 
netom. Competitive salary leading to partnership. 
Please send CV to A. Salomon, M.D., 151 Summit 
Ave., Summit, NJ 07901. 9-12ap 


DIAGNOSTIC RADIOLOGIST—BC/BE radioio- 
gist needed to join busy, 12-member dept. of a 
320-physician, multispecialty, medical clinic in 
desirable Twin Cities area. This outpatient prac- 
tice opportunity involves a large case load of 
general radiology including mammography, ultra- 
sound and nuclear medicine, and special imag- 
ing including CT and MRI. Salary and benefits 
are highly competitive. Send CV and letter of 
inquiry to Patrick Moylan, Park Nicollet Medical 
Center, 5000 W. 39th St., Minneapolis, MN 55416. 
9—10ap 


SKELETAL AND MRI RADIOLOGIST to join 
private radiology group in Los Angeles area. 
Candidate must have a special interest in sports 
medicine and diseases of the spine. Send appli- 
cation and CV or inquiries to Larry Kussin, M.D., 
15243 Vanowen St., #106, Van Nuys, CA 91405. 
9-10ap 

ULTRASOUND SECTION CHIEF, UNIVERSITY 
OF MARYLAND—The University of Maryland 
Hospital seeks a chief for the ultrasound section 
of the Dept. of Radiology. Although already well- 
equipped, this position offers a great opportunity 
for expansion and development, both with the 
new all-digital Dept. of Radiology under construc- 
tion at the adjoining VA Hospital and in a new 
planned all-digital Dept. of Radiology to be con- 
structed at the University Hospital. Applicants 
should have specialist training and fellowship in 
ultrasound and a willingness to be involved in the 
teaching of residents and students. Academic 
rank and salary are commensurate with exper- 
ience. The radiologists are organized as a pro- 
fessional corporation, offering excellent fringe 
benefits. Baltimore is a superb place to live and 
work. It has all the amenities of a large metro- 
politan center, yet is small enough to avoid most 
of the problems (traffic, inflated property values, 
etc.) of our largest cities. It is only 3 hr from the 
ocean and Washington, Philadelphia, and New 
York are readily accessible. Submit CV to Gerald 
S. Johnston, M.D., Dept. of Diagnostic Radi- 
ology, 22 S. Greene St., Baltimore, MD 21201; 
(800) 866-8667, ext. 3477. Affirmative action/equal 
opportunity employer encourages applications 
from members of minority groups. 9~2ap 


DIAGNOSTIC RADIOLOGIST/PARTNERSHIP 
POTENTIAL—Well-established, multioffice prac- 
tice offers an outstanding opportunity to a BC/BE 
radiologist. Expertise should include all phases 
of diagnostic radiology emphasizing ultrasound 
and mammography. We have an outstanding 
referral base derived from many years of service 
to the medical community. Located in the Boston 
area near major roads; you can live in any of 
Boston's suburbs. Generous salary and benefits 
including vacation and profit sharing are but a 
first step to an early partnership position. Please 
send your current CV to Box E47, AJR (see 
address this section). 9-10a 


DIAGNOSTIC RADIOLOGIST/SUBURBAN BOS- 
TON, PART-TIME—Large, private-group practice 
has immediate opening for a part-time radiologist 
with skills in general radiology, ultrasound, mam- 
mography, and CT. No angiography. No night 
call. Send CV to David Novick, M.D., Box 2004, 
Andover, MA 01810. 9-10ap 
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FLORIDA OUTPATIENT DIAGNOSTIC CENTER 
seeks BC/BE radiologist with recent training in 
nuclear medicine, ultrasound, CT, and skeletal 
imaging. Must be service-oriented. Send CV to 
Administrator, P.O. Box 693, Melbourne, FL 32902. 
9-10ap 


RADIOLOGISTS—New York City combined pri- 
vate radiology practice and fee-for-service hos- 
pital practice has an immediate opening for a 
board-certified radiologist with experience in CT, 
ultrasound, and interventional radiology. In addi- 
tion, MRI and mammography experience is pre- 
ferred. This well-established practice has 3 private 
offices on the upper East Side of Manhattan as 
well as operations in 2 hospitals in Manhattan. 
Other studies performed in the practice are diag- 
nostic radiology, nuclear imaging, and vascular 
duplex imaging. The practice continues to expand 
in all imaging modalities with its recent opening 
of a second state-of-the-art MRI unit. Excellent 
benefit package includes health, life, disability, 
and malpractice insurance, profit sharing pian, 
continuing medical education, and a travel and 
entertainment account for professional use. Send 
CV to Box E45, AJR (see address this section). 
Sap 


ULTRASOUND/CT/MRI—Opportunity for a 
board-certified radiologist specializing in ultra- 
sound, body CT, and body MRI to pursue an 
academic career at the New York Hospital-Corneil 
Medical Center. Dept. provides state-of-the-art 
equipment, including Acuson ultrasound, GE 
9800 CT, and GE Signa 1.5-T MR. Wide variety 
of ultrasound exams include abdominal, OB- 
GYN, color Doppler, small parts, neonatal head, 
transvaginal, and transrectal. Prefer candidate 
with prior fellowship in sectional imaging or 
ultrasound. Responsibilities include clinical prac- 
tice, teaching, and research. Position available 
7/1/91 or earlier Please send CV to Elias Kazam, 
M.D., Dept. of Radiology, The New York Hospital- 
Cornell Medical Center, 525 E. 68th St., New 
York, NY 10021. 9-i2ap 


UNIVERSITY OF ILLINOIS COLLEGE OF MEDI- 
CINE AT CHICAGO has an opening for a board- 
certified, diagnostic radiologist with interest in 
abdominal imaging including CT, MRI, ultra- 
sound, GI, and GU radiology. The position offers 
a balance of clinical, teaching, and research 
activities. Salary and faculty rank are appropriate 
to experience. Please send inquiries along with 
CT to Steven Pinsky, M.D., Professor and Head 
of Radiology, University of Hlinois at Chicago, 
1740 West Taylor Street, Chicago, IL 60612; 
(312) 996-0234. UICOMC is an AA/EO employer 
offering competitive salary and benefit package. 
9-12a 


CHAIRMAN, DEPTS. OF RADIOLOGY—The 
Geisinger Medical Center and Clinic in Penn- 
syivania seeks a dynamic, credentialed physician- 
manager who can lead with intelligence and skill 
through the challenges of the 90s and beyond. 
This is a crucial vacancy. One of only 7 chairs, 
it will be pivotal in leading the entire system for 
years. Radiology has 3 depts. with 23 associates, 
12 residents, 72 techs, 25 rooms, 3 CT, and 2 MR. 
Total of 180,000 exams with high-level diverse 
pathology. A Jefferson Medical College faculty 
appointment is possible. Geisinger’s regional 
health system, 4754+ member group practice, and 
center for medical education and research create 
a national role model for fiscally sound health 
delivery. Providing care for 2.5 million, Geisinger 
offers an excellent compensation package and 
lifestyle with small town environs, reasonabie 
housing costs, excellent schools, and 3 universi- 
ties within 15 mi. For details, call Carole Gregory 
at (215) 640-3774 or send CV to MedQuest, P.O. 
Box MQ, Devault, PA 19432. 9a 
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RADIOLOGIST WITH SPECIAL INTEREST IN 
CARDIAC IMAGING sought for the University of 
Ottawa Heart Institute at the Ottawa Civic Hospi- 
tal. The hospital is a tertiary-care facility affiliated 
with the Faculty of Health Sciences at the Univer- 
sity of Ottawa. The University of Ottawa Heart 
institute is located on the Ottawa Civic campus 
and, with its associated Research Institute, is 
recognized as a center for excellence in cardiac 
diagnosis and treatment. Cardiac imaging per- 
formed at the University of Ottawa Heart Institute 
includes angiography, echocardiography, nuclear 
Studies, and CT. in addition to 3 cardiac catheteri- 
zation laboratories, there is a fluoroscopy room 
and chest unit. There are research and treatment 
programs in many aspects of coronary artery 
disease. The successful applicant will have an 
FRCPC, or equivalent in diagnostic radiology, and 
additional training in cardiac imaging procedures. 
in accordance with Canadian immigration regula- 
tions, this advertisement is directed to Canadian 
citizens and permanent residents of Canada. 
Please reply with a copy of your CV to K. Y. 
Gulenchyn, M.D., Chief, Dept. of Radiological 
Sciences, Ottawa Civic Hospital, 1053 Carling 
Ave., Ottawa, Ontario, Canada K1Y 4E9. 9a 


VASCULAR/INTERVENTIONAL AND DIAG- 
NOSTIC IMAGING, 2 POSITIONS—The 11-mem- 
ber imaging section of Guthrie Clinic-Robert 
Packer Hospital desires associates with fellowship 
training and/or expertise in the above areas. The 
Guthrie Clinic provides tertiary care in the south- 
ern tier of New York and the northern tier of Penn- 
sylvania in the beautiful, endless mountains. 
Outstanding practice opportunities in an environ- 
ment free of urban hassle. Please send letter of 
inquiry with CV or call Thomas F. Bednarek, M.D., 
Chairman, Dept. of Radiology, Guthrie Healthcare 
System, Sayre, PA 18840; (717) 882-4025. 9-11a 


ACADEMIC POSITION, UNIVERSITY OF CALI- 
FORNIA, LOS ANGELES (UCLA)—The UCLA 
Dept. of Radiological Sciences is recruiting an 
individual with an established record in MRI 
and/or spectroscopy to develop a basic and 
clinical MR research program. The dept. has 5 
MR scanners in operation and the medical imag- 
ing division has an extensively equipped image 
processing laboratory and directs a biomedical 
physics graduate program. The candidate is 
expected to coordinate the overall MR research 
programs, attract extramural research support, 
integrate MR research into the graduate program, 
and participate in the teaching and administration 
of graduate students and residents. For the initial 
application, candidates should submit CV, names 
and addresses of 5 references, a synopsis of their 
current research program (including past, pre- 
sent, and pending grant support), representative 
recent publications, and a statement of teaching 
and administrative experience to Zoran L. Bar- 
baric, M.D., Chairman of Search Committee, 
Dept. of Radiological Sciences, UCLA School of 
Medicine, 10833 Le Conte Ave., Los Angeles, CA 
90024-1721. UCLA is an equal opportunity/affir- 
mative action employer. 9-1ta 


THE UNIVERSITY OF ARIZONA, DEPT. OF 
RADIOLOGY, seeks 2 full-time, general raciolo- 
gists to participate in clinical, teaching, and 
research activities at its university and affiliated 
hospitals. Applicants should be experienced in 
plain film interpretation, cross-sectional imaging, 
and mammography. Rank, salary, and time allot- 
ted to research are related to the applicant’s 
credentials and interests. The review of applica- 
tions will begin Sept. 15, 1990, and will continue 
until the position is filled. The University of Ari- 
zona is an equal opportunity employer. Contact 
Bruce J. Hillman, M.D., Vice-Chairman, Dept. of 
Radiology, University Medical Center, Tucson, AZ 
85724; (602) 694-7368. 9-12a 
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POSITION AVAILABLE IN PALM SPRINGS, CA 
for a radiologist to join a 10-person group in a 
community hospital/office practice. Contact 
Marvin J. Friedenberg, M.D., Dept. of Radiology, 
Desert Hospital, 1150 N. Indian, Palm Springs, 
CA 92262. 9-ttap 


BOSTON, IMMEDIATE OPENING—Radiologist 
wanted to join busy, well-established. private- 
practice group with 4 outpatient facilities. Exper- 
tise in ultrasound and mammography. No eve- 
ning or weekend call. Excellent life-style, partner- 
ship opportunity. Send letter and CV to Box E49, 
AJR (see address this section). 9~2ap 


INDIANAPOLIS, IN—Practice opportunity for a 
radiologist to serve as medical director of a new, 
freestanding, privately owned, high-field MR 
imaging center. Facility will be managed by and 
affiliated with the Center for Diagnostic Imaging 
in Minneapolis, MN. MR experience mandatory. 
Subspecialty experience in MR desirable. Board 
certification and licensure in Indiana required. 
Please send inquiries with CV to Kenneth B. 
Heithoff, M.D., Center for Diagnostic Imaging, 
5775 Wayzata Bivd., Ste. 190, Minneapolis, MN 
55416. All inquiries entirely confidential. No tele- 
phone calls please. 9-11ap 


MRI RADIOLOGIST, ATLANTA, GA—MRI 
trained radiologist needed for freestanding MRI 
facility. State-of-the-art equipment and experi- 
enced techs. Income potential to $250,000. Send 
CV to P.O. Box 88532, Dunwoody, GA 30356. 9ap 


THE UNIVERSITY OF ARIZONA seeks part-time 
general radiologists to participate in its clinical 
and research programs at its university and 
affiliated hospitals. Applicants should be experi- 
enced in plain film interpretation and cross- 
Sectional imaging; expertise in mammography is 
desirable. Rank and salary are related to the 
applicant's credentials. The review of applications 
will begin Sept. 15, 1990, and will continue until 
the position is filled. The University of Arizona is 
an equal opportunity employer. Contact Bruce J. 
Hiliman, M.D., Vice-Chairman, Dept. of Radiology, 
University Medical Center, Tucson, AZ 85724: 
(602) 694-7368. 9-12a 


MAINE—Community hospital 40 minutes from 
Bangor and University of Maine. Modern radiol- 
ogy dept., 14,000 annuai procedures. Generous 
vacation and benefit program. Competitive salary. 
Beautiful hill and lake area. Send CV to New 
England Health Search, 63 Forest Ave., Orono, 
ME 04473; (207) 866-5680 or (207) 866-5685. 9ap 


NEWPORT, VT—Busy practice in modern, 80- 
bed community hospital. In-house CT, new ultra- 
sound, nuclear, mammography, and angiography 
capabilities. Lakeside community close to Jay 
Peak. Competitive guarantee. Fee-for-service 
practice. Send CV to New England Health 
Search, 63 Forest Avenue, Orono, ME 04473; 
(207) 866-5680 or (207) 866-5685. 9-10ap 


DIAGNOSTIC RADIOLOGIST/TOLEDO, OH— 
Expanding, 20-radiologist, quality-oriented group 
seeks 2 board-certified general radiologists (no 
angio required). Group covers 850-bed tertiary 
hospital; 350-bed suburban hospital; 3 outpatient 
offices; and performs 225,000 exams/yr., All imag- 
ing modalities are represented. Will consider any 
high-quality applicant who can contribute to the 
group, aithough university training and/or exper- 
tise in a given area such as ultrasound, pediatric 
radiology, MR/CT, or GI radiology desirable. Posi- 
tion leads to equal partnership and combines 
excellent salary with very generous vacation time. 
All practice locations within 15 min of each other 
and are situated in an area of superb family- 
oriented living with excellent schools, Send CV to 
Drs. Keith Wilson or Dave Parker, The Romer 
Bidg., 3912 Sunforest Ct., Toledo, OH 43623: 
(419) 471-4438 (daytime). 7~10ap 


HOUSTON—Group needs additional board- 
certified diagnostic radiologist. Prefer training 
and/or experience in interventional, including 
angiography and percutaneous interventional pro- 
cedures, guided biopsy, ultrasound, CT, nuclear 
medicine, and MRI. Piease submit CV to Profes- 
sional Practice Management, ine., 1075 Kingwood 
Dr., Kingwood, TX 77339; (713) 358-8113. 8-Gap 


NORTHERN CALIFORNIA/SAN FRANCISCO 
BAY AREA—The Permanente Medical Group is 
seeking a BC radiologist with multimodality inter- 
ests and fellowship training in MR or interven- 
tional radiology to join a 10-person group serving 
a 337-bed, acute-care hospital and 2 outpatient 
clinics. Teaching opportunities are available with 
residents of subspecialty services on rotation from 
Stanford University Hospital as well as our own 
medical residents. We are currently siting a GE 
1.5-T MRI system and installing a new LU arm. 
Competitive salary and excellent benefits. Please 
send inquiries and CV to Bruce Baker, M.D., 
Chief, Dept. of Radiology, Kaiser Permanente 
Medical Center, 900 Kiely Bivd., AD-AJR, Sante 
Ciara, CA 95051; (408) 236-4444. EOE. 8-10a 


AMARILLO, TX, 4-PERSON GROUP servicing 
a 300-bed adult, medical-surgical hospital and 
a 16-physician internal medicine clinic, has imme- 
diate need for a radiologist with residency train- 
ing in MRI. Interest in neuroradiology would be 
an asset. Hospital has 1-yr-old CT scanner and 
arteriography suite. Clinic has new CT scanner 
also. GE 1.5-T unit to be instalied in hospital by 
Aug. 1990. interested parties send CVs to Radi- 
ological Associates, 1901 Medi Park PL, Ste. 101, 
Amarillo, TX 79106. 8~1Gap 


DIAGNOSTIC RADIOLOGIST—Eight board- 
certified radiologists in expanding, hospital-based 
private practice seek BC/E general radiologist to 
associate. Competence in all modalities expected 
with need for MRI training ernphasized. Oppor- 
tunity in midwestern city of 72,000 offers gener- 
ous compensation/vacation. Full partnership 
after 2 yr. Reply to Box D33, AUR {see address 
this section). 8-1lap 


RADIOLOGY CHAIR—A chairman of the Dept 
of Radiology is being sought by the George Wash- 
ington University Medical Center, Washington, 
DC. The radiology dept. includes divisions of 
diagnostic radiology, nuciear medicine, radiation 
oncology, and biophysics. It serves a 500-bed 
general hospital and an extremely active out- 
patient clinic. Candidates should have demon- 
strated experience in patient care, administration, 
research, and teaching. Letter of interest and Cvs 
should be sent to Ralph G., DePalma, M.D., Chair- 
man, Radiology Search Committee, George 
Washington University Medical Center, 2150 
Pennsylvania Ave, NW, Ste. 6B-415, Wash- 
ington, DC 20037. Deadline for receipt of appii- 
cations is Dec. 1, 1990. George Washington 
University is an affirmative action/equal oppor- 
tunity (M/F) employer. 8-9a 


OVERWORKED? Need a higher income and 
more vacation time? Tired of big city commuting 
and inner-city crime? Want a better quality of lite 
but still want a professional challenge? We need 
a BC, capable, motivated radiologist qualified in 
all phases of diagnostic radiology to join a 6-mem- 
ber group of American-trained. BC radiologists in 
450-bed, tertiary-care hospital, located in 125,000 
populated city, 1/2 hr from Pittsburgh and 3% hr 
from DC and Baltimore. We do 100,000 exams/yr 
with state-of-the-art equiprnent. Generous starting 
Salary and benefit package with complete and 
equal partnership to follow. Fellowship and/or 
experience preferred. H interested. send CV to 
Jon Abrahams, M.D., Chairman, Dept. of Radi- 
ology, Conemaugh Valley Memorial Hospital, 
Johnstown, PA 15905; (814) 536-7226. 8~Sap 
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FACULTY POSITION IN DIAGNOSTIC RADIOL- 
OGY—The Dept. of Radiology of MetroHealth 
Medica! Center, a Case Western Reserve Univer- 
sity-affiliated hospital, invites applications from 
interested qualified radiologists for a faculty posi- 
tion in general diagnostic radiology. Candidates 
should be board-certified with 3 yr experience 
and background in all phases of diagnostic radi- 
ology including fluoroscopy and musculoskeletal 
radiology. A faculty appointment will be made 
commensurate with the candidate's experience 
and qualifications. MHMC is a 742-bed, Level 1 
trauma center providing tertiary care and general 
hospital services to the Cleveland metropolitan 
area. The Dept. of Radiology is an active, aca- 
demic dept. fully equipped with state-of-the-art 
equipment in angiography, CT, and ultrasound 
and includes a free-standing MRI suite with a 
second scanner scheduled for installation in fall 
1990. This position provides an excellent oppor- 
tunity for collaborative and individual research, 
medical student and resident education, and pro- 
fessional development. Interested candidates 
should forward CV and other pertinent informa- 
tion to Errol M. Bellon, M.D., Director, Dept. of 
Radiology, MetroHealth Medical Center, 3395 
Scranton Rd., Cleveland, OH 44109. MetroHealth 
Medical Center and Case Western Reserve Uni- 
versity are equal opportunity employers. 8-10a 


FACULTY POSITIONS IN NEURORADIOLOGY 
AND CROSS-SECTIONAL IMAGING—The Dept. 
of Radiology of MetroHealth Medical Center, a 
Case Western Reserve University-affiliated hos- 
pital, invites applications from interested qualified 
radiologists for faculty positions in neuroradiology 
and cross-sectional imaging. Candidates shouid 
be board-certified with fellowship experience in 
their field. The faculty appointment will be made 
commensurate with the candidate’s experience 
and qualifications. MHMC is a 742-bed, Level 1 
trauma center providing tertiary care and general 
hospital services to the Cleveland metropolitan 
area. The Dept. of Radiology is an active, aca- 
demic dept. fully equipped with state-of-the-art 
equipment in angiography, CT, and ultrasound 
and includes a free-standing MRI suite with a 
second scanner scheduled for installation in fail 
1990. These positions provide an excellent oppor- 
tunity for collaborative and individual research, 
medical student and resident education, and pro- 
fessional development. Interested candidates 
should forward CV and other pertinent informa- 
tion to Errol M. Bellon, M.D., Director, Dept. of 
Radiology, MetroHealth Medical Center, 3395 
Scranton Rd., Cleveland, OH 44109. MetroHealth 
Medical Center and Case Western Reserve Uni- 
versity are equal opportunity employers. 8-10a 


THE DEPT. OF RADIOLOGY AT TRIPLER ARMY 
MEDICAL CENTER, HONOLULU, HI, is recruiting 
academic radiologists for several divisions of the 
dept. including ultrasound, chest, skeletal, neuro, 
and general diagnostic radiology. Our dept. offers 
a fully accredited residency program with 20 
residents and 16 attending full-time staff. Numer- 
ous consultants from across the country lecture 
on a continuing and regular basis. The hospital 
is a modern, tertiary-care center serving Hawaii 
and the entire Pacific Basin. A strong residency 
program, diverse and interesting patient popula- 
tion, excellent equipment, and a tropical lifestyle 
are positive aspects of the practice. Academic 
credentials and/or experience are necessary. 
Recently graduated fellows are encouraged to 
apply. Board certification is mandatory. Candi- 
dates should be particularly interested in patient 
care, teaching, and research. Salary and benefits 
are competitive and generous. Tripler is an EO/ 
EEO employer. Please contact Mark F. Hansen, 
M.D., CoL., MC, Chief, Dept. of Radiology, TAMC, 
HI 96859-5000; (808) 433-6393. 8-7a 


CLASSIFIED ADVERTISEMENTS 


TWO BC RADIOLOGISTS, KANSAS CITY, MO 
Six radiologists currently covering a 600-bed, 
tertiary medical center seek a radiologist experi- 
enced in angio/interventional and a 2nd, well- 
rounded radiologist with all capabilities. Positions 
open immediately. Salary and fringe benefits 
competitive. Both positions lead to full partner- 
ship. Send CV and letter of inquiry to J. M. Speck- 
man, M.D., 6400 Prospect, Ste. 310, Kansas City, 
MO 64132. 8-1tap 


IMMEDIATE OPENING, DIAGNOSTIC RADI- 
OLOGIST-—Seeking a board-certified radiologist 
as codirector in handling a busy abdominal 
section, CT, ultrasound, MRI, and diagnostic 
procedures. Academic rank is at the level of assis- 
tant or associate professor. Dept. currently per- 
forms 87,000 exams/yr and has a residency 
training program. Strong interest in teaching and 
collaborative clinical investigation is required. 
Compensation commensurate with qualifications 
and experience. Must possess or be able to 
obtain Missouri licensure. Applicants should send 
letters of interest and CV to Fong Y. Tsai, M.D., 
Professor and Chairman, Dept. of Radiology. 
University of Missouri-Kansas City, School of 
Medicine, 2301 Holmes, Kansas City, MO 64108. 
8-10ap 


COLUMBUS, OH—Large (31-radiologist), growing, 
well-diversified group seeks an additional board- 
certified diagnostic radiologist well-trained in 
general diagnostic radiology and, preferably, with 
fellowship training. Position leads to full-partner- 
ship without buy-in expense. Academic appoint- 
ment at OSU possible. Excellent opportunity. 
Send CV to Patrick Cain, M.D., 4040 Longhill Rd., 
Columbus, OH 43220. 7~9ap 


HOSPITAL/PRIVATE OFFICE DIAGNOSTIC 
RADIOLOGISTS—Excellent opportunity in well- 
established Rhode Island practice for general 
radiologist. Prefer experience or interest in neuro- 
radiology or interventional procedures. Reply to 
Box B4, AJR (see address this section). 6-9ap 


UTMB, GALVESTON, TX—The Dept. of Radi- 
ology of The University of Texas Medical Branch 
in Galveston has openings for persons trained 
and experienced in ultrasound, mammography, 
and abdominal imaging. The opportunity for 
academic advancement is great and benefits are 
generous. Salaries are competitive and living con- 
ditions are desirable. Interested persons should 
contact Melvyn H. Schreiber, M.D., Chairman, 
Dept. of Radiology, UTMB, Galveston, TX 77550; 
(409) 761-1823. UTMB is an equal opportunity 
M/F/H/V affirmative action employer. UTMB 
hires only those authorized to work in the United 
States. 7-12a 


FACULTY ULTRASOUND RADIOLOGIST, 
THOMAS JEFFERSON UNIVERSITY HOSPITAL 
Jefferson's Dept. of Radiology wishes to recruit 
a faculty radiologist to work in our division of 
diagnostic ultrasound. Candidates at ail levels will 
be considered. This division is housed in 1 of the 
largest and best equipped facilities in the world 
and is extensively involved in the full range of 
ultrasound studies including obstetrical, vascular, 
echocardiography, invasive, endoluminal, and 
both biliary and kidney stone lithotripsy. A new 
outpatient ultrasound facility is under construc- 
tion adjacent to the main campus. The position 
provides excellent salary and benefits, protected 
research time each wk, and an opportunity to 
become associated with 1 of the most academ- 
ically productive ultrasound groups anywhere. 
Interested individuals should contact either Barry 
Goldberg, M.D. (Director of Ultrasound), or David 
C. Levin, M.D. (Dept. Chairman), at the Dept. of 
Radiology, Thomas Jefferson University Hospital, 
Philadeiphia, PA 19107. Jefferson is an equal 
opportunity/affirmative action employer. 9xa 
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FULL-TIME BC RADIOLOGIST needed to staff 
outpatient women’s diagnostic center in suburban 
Dallas. Experience in mammography and OB/ 
GYN sonography preferred. No call responsibili- 
ties. Attractive compensation package. Send CV 
to Box Y56, AJA (see address this section). 9xa 


DIAGNOSTIC RADIOLOGY, PACIFIC NORTH- 
WEST, MRI, CT AND ULTRASOUND—Progres- 
sive group of 4 radiologists seeks board-certified 
radiologist with subspecialty interest and exper- 
tise in MRI, CT, and ultrasound. Busy, dynamic 
practice in regional medical center hospital, pri- 
vately owned MRI center (presently mobile unit— 
planning for fixed site in spring 1990), plus pri- 
vate outpatient office. Located in beautiful recre- 
ation area in the inland Northwest. World-class 
lakes for boating and sailing. Excellent skiing, 
hunting, and fishing. Family-oriented environment 
30 min from Spokane. Competitive starting salary 
with full partnership in 1 yr. Send CV to Richard 
Hehn, M.D., Radiology Associates of North idaho, 
1104 ironwood Dr., Coeur d'Alene, ID 83814; 
(208) 667-0686. 8~-10ap 


DIAGNOSTIC RADIOLOGISTS—Progressive, 
7-person radiology group on Gulf coast of south- 
west Florida covering 2 private offices and a 
400-bed, acute-care hospital with CT, MRI, inter- 
ventional, and all aspects of diagnostic radiology, 
will assume coverage of a second, newly con- 
structed, smaller hospital in the near future. We 
are seeking 2 additional radiologists ~ 1 to begin 
immediately and the second to begin July 1991. 
Preference will be given to those applicants with 
fellowship training. Position offers excellent salary, 
vacation benefits, and eventual partnership. For 
further details and information, contact Roberta 
Herniey, Practice Manager, Radiology Regional 
Center, 3680 Broadway, Fort Myers, FL 33901; 
(813) 936-2316. 7-9ap 


DIAGNOSTIC RADIOLOGIST—Board-certified/ 
eligible radiologist with expertise in CT, ultra- 
sound, nuclear medicine, mammography, angi- 
ography, and MRI needed to join group of 4 
board-certified radiologists. Hospital-based prac- 
tice in acute-care, 300-bed hospital with high risk 
OB and neonatal iCU. Excellent relationship with 
hospital administration. Annual volume, 85,000 
exams. State-of-the-art equipment including Sie- 
mens Hi-Q CT, 2 Acuson 128 ultrasound units, 
and SPECT. Siemens 1.5-T MRI being installed. 
Pleasant living area, within 4-hr drive from ski/ 
mountain areas of New Mexico and Colorado, 
draws from regional patient population of 350,000. 
Generous salary and benefits leading to early 
partnership. Contact Gayle H. Bickers, M.D., 
PO. Box 3460, Amarillo, TX 79116-3460; 
(806) 378-4708. 7-12ap 


MAINE—Excellent opportunity for BC/BE, fellow- 
ship-trained radiologist in MRI or interventional 
or neuroradiology, for general diagnostic position 
with progressive, well-established, small group. 
Live and work in college community in southern 
region close to coast, mountains, and lakes. 
Competitive compensation package leading to 
partnership. Affiliate with 200-bed, modern, 
community hospital. Send CV to New England 
Health Search, 63 Forest Ave., Orono, ME 04473; 
(207) 866-5680 or (207) 866-5685. 7-11ap 


THE UCLA DEPT. OF RADIOLOGICAL SCI- 
ENCES is seeking an experienced diagnostic 
radiologist for the position of chief of emergency 
radiology. Candidates must have a strong interest 
in teaching, patient care, and radiologic quality 
assurance. Must be ABR-certified and licensed to 
practice in California. Interest in clinical research 
is desirable. Send CV to Hooshang Kangarloo, 
M.D., Chairman, Dept. of Radiological Sciences, 
UCLA School of Medicine, Los Angeles, CA 
90024-1721. EQ/AA employer. 7-9a 
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DIAGNOSTIC RADIOLOGIST needed July 1991 
to join an active, 3-person group in Brooksville, 
FL. This rapidly-expanding practice includes 2 
progressive hospitals (1 new in 1991) and a busy 
outpatient radiology practice in a medical com- 
plex. Applicants must have skills in all phases of 
diagnostic radiology including MRI and interven- 
tional work. Package is competitive in terms of 
Salary, benefits, future partnership, and enjoyable 
lifestyle. Brooksville is located on the west-central 
coast of Florida in Hernando County, 1 of the top 
5 fastest-growing counties in the nation for the 
past 6 yr. Brooksville is located 12 mi. east of the 
Gulf of Mexico, 45 mi. north of Tampa, and 65 mi. 
west of the Orlando/Disneyworld area. Applicants 
should send CV and other pertinent information to 
Hernando Radiology, PA, PO. Box 1936, Brooks- 
ville, FL 34605-1936. 7-9ap 


DIAGNOSTIC RADIOLOGIST with skills in CT, 
MR, interventional, ultrasound, and nuclear medi- 
cine to join group of 8 board-certified radiologists. 
Growing practice in eastern Washington. 200-bed 
hospital and 4 private offices. Long-term poten- 
tial of practice is excellent. Top-notch school 
system, including 3 first-rate universities. Excel- 
lent hunting, fishing, boating, and skiing. Contact 
L. E. Crecelius, M.D., N. 5901 Lidgerwood, Ste. 
188, Spokane, WA 99207; (509) 482-2385. 7-12ap 


DIAGNOSTIC RADIOLOGISTS—Progressive 
3-member group in North Carolina Coastal Plain 
seeks 2 BC/BE radiologists. ACR-accredited prac- 
tice includes 350-bed, regional referral hospital, 
outpatient office, and women’s diagnostic center. 
State-of-the-art equipment. Excellent financial 
package. Send fetter and CV to Box C13, AJR 
(see address this section). 7~12ap 


IMMEDIATE OPENING FOR BOARD-CERTIFIED 
DIAGNOSTIC RADIOLOGIST to join a 3-member 
group in desirable north Dallas location. Must 
have expertise in all aspects of diagnostic radi- 
ology including angiography and MRI. Hospital 
and outpatient office practice. Salary commen- 
Surate with experience. Serious inquiries only. 
Send CV to Jeffrey Kam, M.D., 11617 N. Central 
Expressway, Ste. 132, Dallas, TX 75243. 7-12ap 


BC/BE DIAGNOSTIC RADIOLOGIST needed 
full-time for an outpatient radiology clinic. Non- 
invasive procedures including fluoroscopy, ultra- 
sound, and mammography. Our facility is centrally 
located in a N.E. Ohio city. Excellent competitive 
Salary and fringe benefits. Salary negotiabie. 
Please write to Box C19, AJR (see address this 
section). 7-10ap 


IMMEDIATE OPENING - BOSTON SUBURBAN 
RADIOLOGY GROUP—300-bed, university- 
affiliated, community hospital seeks partner with 
skills or experience in all modalities. Send CV to 
Box B2, AJR (see address this section). 9~11ap 


IMMEDIATE OPENING, PART-TIME, SUBUR- 
BAN BOSTON—300-bed, university-affiliated, 
community teaching hospital seeks BE/BC radi- 
ologist. Flexible hours. Send CV to Box B6, 
AJR (see address this section). 9-11ap 


IMMEDIATE OPENING—Four board-certified 
radiologists seek a 5th for a dynamic diagnostic 
and interventional practice in a multispecialty 
Clinic attached to a 200-bed hospital. All imaging 
modalities are represented. Exceilent benefit 
package includes health, life, disability and 
malpractice insurance, profit-sharing plan, and 
continuing medical education. Fargo is on the 
Minnesota-North Dakota state line, 30 mi. from 
the Minnesota lake country, 250 mi. from both 
Minneapolis-St. Paul, MN, and Winnipeg, Can- 
ada. Contact Douglas Landers, M.D., Dakota 
Clinic, Ltd., PO, Box 6001, Fargo, ND 58108: 
(701) 280-3321. 5-10a 
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Gi AND GU RADIOLOGISTS—The Dept. of Radi- 
ology at Baylor College of Medicine is seeking 2 
general radiologists, one with interest and exper- 
ience in gastrointestinal radiology and the other 
in genitourinary radiology. These positions are 
available immediately and will include clinical and 
teaching responsibilities in the Ben Taub General 
Hospital, a new replacement, 550-bed, acute- and 
tertiary-care facility. New radiographic equipment 
in the hospital includes 5 R/F rooms, 4 linear 
tomographic rooms, 2 CT (GE 9800 Quick), and 
1.5-T MRI (to be installed December 1990). Candi- 
dates should be certified or eligible for certifica- 
tion by the American Board of Radiology and be 
eligible for a Texas medical license. Preference 
will be given to applicants who also have current 
experience in nuclear medicine and are eligible 
for Texas nuclear medical license. Previous clin- 
ical experience in an academic institution, as well 
as demonstrated teaching abilities, is desirable. 
Academic rank and salary commensurate with 
qualifications. Submit CV to Alfred B. Watson, Jr, 
M.D., Associate Professor and Vice Chairman, 
Dept. of Radiology, Baylor College of Medicine, 
One Baylor Plaza, Houston, TX 77030. FAX (713) 
798-3866. Baylor College of Medicine is an affir- 
mative action/equal opportunity employer. 7~9a 


NEURORADIOLOGIST, BRIGHAM & WOMEN’S 
HOSPITAL—The Dept. of Radiology at Brigham 
and Women's Hospitai/Harvard Medical Schoo! 
is seeking a neuroradiologist for a full-time aca- 
demic position. Research and teaching oppor- 
tunities are available. Candidate must be BC/ 
BE, with fellowship training in neuroradiology. 
Please send CV to B. Leonard Holman, M.D., 
Chairman, Dept. of Radiology, Brigham and 
Women’s Hospital, 75 Francis St., Boston, MA 
02115. Brigham and Women’s Hospital/Harvard 
Medical School is an affirmative action/equal 
opportunity educator and employer. 6—11a 


CONNECTICUT— immediate opening for BC/BE 
radiologist to join a group of 7 radiologists. Pro- 
ficiency in MRI preferred. Practice includes a 
435-bed, fully equipped, university-affillated, com- 
munity hospital and a 47-physician, multispecialty 
Clinic. Excellent salary and benefits leading to full 
partnership after second yr. For information. call 
or send CV to Paul C. Lakin, M.D., Dept. of 
Radiology, New Britain General Hospital, 100 
Grand St., New Britain, CT 06050. 6-9ap 


ALASKA, ANCHORAGE/SITKA—Need public 
service-oriented diagnostic radiologists. Medical 
school loan repayment available. Excellent 
benefits. CT/some interventional. Contact: 
Ken Bartline, Alaska Area Native Health Service, 
250 Gambell Street, Anchorage, AK 99501: 
(907) 257-1457 collect. EOE. 6~10a 


IMMEDIATE OPENING—BC/BE neuroradiolo- 
gist to join medium-sized group in Austin, TX. 
Practice covers major trauma center and outpa- 
tient radiology facility. In addition to general 
diagnostic services, outpatient facility also pro- 
vides CT and MRI service on 2 GE 9800 scan- 
ners, GE 1.5-T, and 0.5-T MR units. Applicants 
are requested to contact Drs. Boyd, Gray, or 
Lava, 711 W. 38th St., Ste. 8-8, Austin, TX 78705: 
(512) 454-8718. 6-t1ap 


IMMEDIATE, UNEXPECTED OPENING for B/C. 
recently trained diagnostic radiologist, preferably 
with fellowship experience. Busy, 4-member, 
hospital-based practice in beautiful university 
town in central PA, home of Penn State Univer- 
sity, seeks fifth radiologist. All modalities including 
mobile MRI, fixed MRI planned. Excellent salary 
and benefits leading to early partnership. Send 
CV with references to R.A. Rockower, M.D., 
Centre Community Hospital, 1800 E. Park Ave., 
State College, PA 16803; (814) 234-6137, 9-12ap 


SOUTHERN OREGON—Opporiunity for BC/BE. 
general diagnostic radiologist to join group of 5 
board-certified radiologists. Experience in all 
modalities desired. Practice includes 2 hospitalis 
and own private office. Competitive starting salary 
with early full partnership, Excellent lifestyle with 
many outdoor activities from Pacific Coast io 
Oregon Cascades. Send CV to Larry Strickland, 
Administrator, Roseburg Radiologists, PC. P O. 
Box 1547, Roseburg, OR 97478. 5-10ap 


WANTED, JULY 1991—Young, outgoing, BC/BE 
general radiologist to work in 120-bed community 
medical center (1 of 2 Missoula, MT, hospitals} 
covered by 6-person group. We seek someone 
with special interest in ultrasound and mam- 
mography, but also experienced in angiography, 
CT, and MRI. Position leads to directorship of 
dept. in 3 yr. One yr to full partner income, 2 yr 
to full partnership. Missoula, in mountainous 
western Montana, is the home of the University 
of Montana and offers a progressive medical envi- 
ronment with over 150 physicians, as well as 
abundant recreational opportunities including 
Skiing, fishing, hunting, and backpacking. Send 
CV to Missoula Radiology, Inc., E O. Box 2039. 
Missoula, MT 59806. 5--9ap 


RADIOLOGIST—This 54-physician, muiltispeciaity 
Clinic is seeking a second radiologist for general 
radiologic procedures excluding CT and MAI. 
Experience or formal training in mammography 
required. Located in western Montana, abun- 
dant 4-season recreational opportunities. Offered 
salary and benefits generous. Send CV to Admin- 
istrator, Western Montana Clinic. PO. Box 7609, 
Missoula, MT 59807. 8-9ap 


TWO BOARD-CERTIFIED/ELIGIBLE GENERAL 
DIAGNOSTIC RADIOLOGISTS tc join expanding, 
11-person group covering 2 hospitals and 2 MR 
Sites. Ideal private practice in a stable midwest 
community using all imaging modalities and 
interventional techniques. Can start immediately 
or wait until July 1990. Excellent opportunity 
with excellent salary and benefits. Send CV to 
Joseph F. Norfray, M.D., MR Center of Spring- 
field, 319 E. Madison, Springfield, IL 62701. 8—llap 


ATLANTA, GA—Rare opportunity to join 3-mem- 
ber group based in small, rapidly growing, 5-yr- 
old hospital and new outpatient facility, This 
tremendously exciting practice is located in the 
most affluent and family oriented suburb of 
Atlanta, within 30 min. of both downtown and 
beautiful lake resort area. All members of the 
group are proficient in all modalities, including 
MRI. Competitive salary and benefits leading to 
partnership. Send CV to Stephen Bruno, M.O., 
2215 Roxburgh Dr, Roswell, GA 30076. 8~9ap 


WANTED—Full- and/or part-time BE/BC diag- 
nostic radiologist, with MRI experience and inter- 
ventional training desirable, to join 4-person group 
in 200-bed community hospital and private office 
setting doing 50,000 exams per yr All imaging 
modalities offered. Located in Reading, PA, with 
population in metropolitan area of 306,000. Family- 
oriented suburban life with excellent schools, 
recreation, and cultural activities. One hr to 
Philadelphia, 212 hr. to New York City or Wash- 
ington, and 2 hr. to the Poconos or seashore. 
Competitive salary and benefits leading to part- 
nership for full-time position. Write with CV to 
Jonathan L. Stolz, M.D., Director, Dept. of Radi- 
ology, Community General Hospital, 145 N. Sixth 
St., Reading, PA 19601. 9-t0ap 
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PEDIATRIC RADIOLOGIST, PORTLAND, OR— 
immediate opening for a pediatric radiologist at 
Emanuel Hospital in Portland, OR. Either a 
pediatric fellowship or significant work experience 
is required. Opportunity to do general radiology 
as well. The hospital is a Level | trauma center, 
as well as a major pediatric referral center. The 
position leads to full partnership after second 
year, Please send CV to Blaine E. Kozak, M.D., 
Chairman, Dept. of Radiology, Emanuel Hospital, 
2801 N. Gantenbein, Portland, OR 97227; 
(503) 280-4032. Sap 


NEURORADIOLOGIST—Immediate faculty open- 
ing for a tellowship-trained neuroradiologist to join 
an evolving neuroimaging center at the Univer- 
sity of Oklahoma Health Sciences Center, Okla- 
homa City, OK. Academic rank determined by 
previous experience. Salary and benefits are 
highly competitive. Strong commitment to teach- 
ing and research desired. Must be board-certified 
and eligible for senior membership in the ASNR. 
Send cover letter and CV to Don A. Wilson, M.D., 
MR Center of Oklahoma (BMR-10), P. O. Box 
26307, Oklahoma City, OK 73126. Affirmative 
action/equal opportunity employer. 5-10a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportuni- 
ties for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 8-10xa 


Positions Desired 


EXPERIENCED, COMPATIBLE GROUP of up to 
4 BC radiologists seeks contract in quality Sun- 
belt hospital. Strong in all modalities including 
interventional, MRI, ultrasound, and CT. Impec- 
cable track record, credentials, and references. 
Prefer separate billing. Please respond to Box 
D31, AJR (see address this section). 8-10bp 


Fellowships and Residencies 


FELLOWSHIP IN ULTRASOUND/CT/ANGIO- 
INTERVENTIONAL—A tyr fellowship program 
available beginning July 1991 at Lehigh Valley 
Hospital Center in Allentown, PA. LVHC is a 
492-bed, acute-care, university-affiliated hospital. 
The fellowship program offers training in CT (head 
and body}, ultrasound, angiography (neuro and 
visceral), and interventional radiography. MRI 
experience is also available. For further informa- 
tion, contact Robert Kricun, M.D., Dept. of Radiol- 
ogy, Lehigh Valley Hospital Center, P.O. Box 689, 
Allentown, PA 18105. 9-Ticp 


CLASSIFIED ADVERTISEMENTS 


UNIVERSITY OF BRITISH COLUMBIA, FEL- 
LOWSHIP IN MAMMOGRAPHY—A comprehen- 
sive experience including a unique and innovative 
multicenter mammography screening program 
(with administrative, computerization, and epide- 
miologic components), hospital-based breast 
imaging procedures, surgical and pathological 
correlation, and research and lectures in the field. 
Applicants must be board-certified in diagnostic 
radiology; experience in lecturing and publication 
preferred. This may be combined with a 6-month 
fellowship in another specialty within the Dept. of 
Radiology at the University of British Columbia 
to commence Jan. 1, 1991, or later for a period 
of 6 months to 1 year at $45,000 (CAN) per 
annum. This fellowship is offered in the beautiful 
city of Vancouver, B.C., which offers a wide variety 
of cultural and recreational amenities in a spec- 
tacular west coast location. Please send letter of 
inquiry with CV to Linda Warren, M.D., Executive 
Director, Screening Mammography Program of 
British Columbia, 303, 828 W. 8th Avenue, Van- 
couver, B.C., V5Z 1E2, Canada. 9cp 


THE UNIVERSITY OF ARIZONA, DEPT. OF 
RADIOLOGY, offers a 1-yr fellowship in abdom- 
inal, chest, and musculoskeletal cross-sectional 
imaging that includes CT, MRI, ultrasound, and 
interventional techniques. University Medical 
Center is a tertiary-care hospital and trauma 
center with 3 CT scanners, 3 ultrasound devices 
including color Doppler, and 2 MRI scanners. 
There is an active research program including 
4.7-T MRS. Fellows will oversee daily clinical 
activities, participate in teaching and conferences, 
and conduct research. The review of applications 
will begin Sept. 15, 1990, and will continue until 
the position is filled. The University of Arizona is 
an equal opportunity employer. Contact Bruce J. 
Hiliman, M.D., Vice-Chairman, Dept. of Radiology. 
University Medical Center, Tucson, AZ 85724; 
(602) 694-7368. 9-12c 


FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRI—July 1, 1992, to June 30, 1993, at the 
New York Hospital-Cornell Medical Center. Dept. 
provides state-of-the-art equipment including 
Acuson ultrasound, GE 9800 CT, and GE Signa 
1.5-T MR. Wide variety of ultrasound exams 
include abdominal, OB-GYN, color Doppler, smali 
parts, neonatal head, transvaginal, and transrec- 
tal. Applicant should be ABR eligible or certified. 
Send CV to Elias Kazam, M.D., Dept. of Radi- 
ology, The New York Hospital-Cornell Medical 
Center, 525 E. 68th St., New York, NY 10021. 
9-42cp 


FELLOWSHIPS IN PEDIATRIC RADIOLOGY — 
The Dept. of Diagnostic Imaging and Radiology, 
Chiidren’s National Medical Center, Washington, 
DC, is soliciting applications for postgraduate 
fellowship training in pediatric radiology. The dept. 
performs over 70,000 exams annually in 1 of the 
4 largest children’s hospitals and ambulatory 
practices in North America. The dept. has 11 
faculty, 4 fellows, and many resident trainees. 
imaging services and training include state-of-the- 
art radiography, fluoroscopy, ultrasound, nuclear 
medicine, cardiovascular imaging, interventional 
radiology, CT, and MRI. There are many opportu- 
nities for rewarding careers in pediatric radiology 
in either academic or practice environments. If 
you wish to receive more information, please 
contact David C. Kushner, M.D., Chairman, Dept. 
of Diagnostic Imaging and Radiology, Children’s 
National Medical Center, 111 Michigan Ave., N.W., 
Washington, DC 20010; (202) 745-5079. 9c 
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FELLOWSHIPS AT THOMAS JEFFERSON UNI- 
VERSITY HOSPITAL—The Dept. of Radiology at 
Thomas Jefferson University Hospital in Phila- 
delphia offers the following fellowship programs 
each yr. Ultrasound/CT/MRI — Jefferson's ultra- 
sound division is 1 of the largest in the world and 
performs all currently available exams including 
obstetric, vascular, lithotripsy, invasive, and endo- 
luminal. We also operate 4 GE 15-T MRI units 
and 3 CT scanners. Contact Barry Goldberg, 
M.D., regarding this program. Cardiovascular/ 
interventional — this division is housed in a new 
suite containing Philips angio units with DSA and 
performs the full range of vascular and non- 
vascular interventional procedures. Contact 
Geoffrey Gardiner, Jr, M.D. Neuro/ENT radiology 
— very active clinical services supply a wealth of 
material to this division, which is housed in a 
neurosciences imaging center containing all 
imaging modalities. Contact Carlos Gonzalez, 
M.D. Breast imaging — Jefferson’s new breast 
imaging center performs approximately 85 
studies/day including ultrasound and needle 
localizations. Contact Stephen Feig, M.D. Chest 
— includes biopsies and CT. Contact Robert 
Steiner, M.D. MRI -- a dedicated body MRI pro- 
gram including excellent research opportunities 
in addition to a large clinical case load. Contact 
Matthew Rifkin, M.D. Ultrasound — a dedicated 
ultrasound program. Contact Barry Goldberg, 
M.D. Musculoskeletal — includes MRI of the 
musculoskeletal system. Contact David Karasick, 
M.D. All program directors listed above can be 
contacted at the Dept. of Radiology, Thomas Jef- 
ferson University Hospital, Philadelphia, PA 19107. 
Jefferson is an equal opportunity/affirmative 
action employer. 9xc 


FELLOWSHIP IN MAMMOGRAPHY—The Emory 
University Dept. of Radiology offers a 6- or 12-mo 
fellowship in mammography. Approximately 17,000 
mammograms are performed annually through a 
600-bed university hospital, a 900-bed county 
hospital, and an outpatient clinic. Clinical acti- 
vities include extensive training in all aspects of 
mammography, breast ultrasound, stereotactic 
fine-needie aspirations, and biopsy. Candidates 
should be eligible for Georgia medical licensure. 
Contact Beth Kruse, M.D., Section of Radiology, 
The Breast Imaging Center, 1327 Clifton Rd., 
N.E.. Atlanta, GA 30322; (404) 248-4446. Emory 
University is an equal opportunity/affirmative 
action employer. 7-10c 


PEDIATRIC RADIOLOGY, THE JOHNS HOP- 
KINS HOSPITAL—The Dept. of Radiology has 
an opening for a fellow in the Division of Pediatric 
Radiology beginning July 1991. The division per- 
forms approximately 25,000 radiographic pro- 
cedures/yr. We are actively invoived in ultrasound, 
CT, and MR imaging of children. Excellent teach- 
ing and research opportunities exist, Please con- 
tact George A. Taylor, M.D., or George P. Saba, 
M.D., Dept. of Radiology, The Johns Hopkins 
Hospital. 600 N. Wolfe St., Baltimore, MD 21205: 
(301) 955-6141/(301) 955-7700. An equal oppor- 
tunity/affirmative action employer. 8-10c 


FELLOWSHIP IN ULTRASOUND/CT/ANGIO- 
INTERVENTIONAL—A 1-yr fellowship program 
available beginning July 1991 at Lehigh Valley 
Hospital Center in Allentown, PA. LVHC is a 
492-bed, acute-care, university-affiliated hospital. 
The fellowship program offers training in CT 
(head and body), ultrasound, angiography (neuro 
and visceral}, and interventional radiography. MRI 
experience is also available. For further informa- 
tion, contact Robert Kricun, M.D., Dept. of Radi- 
ology, Lehigh Valley Hospital Center, P.O. Box 
689, Allentown, PA 18105. 8-10c 
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FELLOWSHIPS IN PEDIATRIC RADIOLOGY, 
JULY 1991—The Dept. of Radiology, Children’s 
Hospital Medical Center, Cincinnati, OH, offers 1- 
or 2-yr fellowships in pediatric radiology beginning 
July 1991. Children’s Hospital Medical Center is a 
355-bed institution where approximately 100,000 
radiological exams are performed annually by 13 
full-time faculty radiologists. Four fellowship posi- 
tions are available annually. Training includes all 
aspects of pediatric imaging: neonatal radiology, 
neuroimaging, musculoskeletal radiology, cardio- 
vascular and thoracic imaging, abdominal imag- 
ing, oncologic imaging, ultrasonography, nuclear 
medicine, CT, MRI, and vascular/interventional 
techniques. Facilities include digital fluoroscopy, 
Acuson and ATL ultrasound units with Doppler 
and color-flow Doppler capabilities, Gamma and 
SPECT tomographic nuclear cameras, GE 9800 
Quick CT scanner, 15-T GE MRI, and cardiac 
catheterization/angiographic suite with digital 
vascular imaging. Numerous opportunities to par- 
ticipate in both clinical and basic research. Salary 
and fringe benefits are highly competitive. Candi- 
dates must be board-certified or board-qualified 
in diagnostic radiology and must be able to obtain 
an Ohio medical license. Children’s Hospital Med- 
ical Center and the University of Cincinnati Col- 
lege of Medicine are affirmative action/equal 
opportunity employers. Address inquiry and CV 
to Donaid R. Kirks, M.D., Director, Dept. of Radi- 
ology, Children’s Hospital Medical Center, Elland 
and Bethesda Aves., Cincinnati, OH 45229-2899; 
(513) 559-8058. 1~12cp 


NEURORADIOLOGY FELLOWSHIP—The Dept. 
of Diagnostic Radiology at William Beaumont 
Hospital offers a 1-yr neuroradiology fellowship 
with a second yr optional for selected candidates. 
The dept. performs more than 220,000 exams/yr, 
including more than 3700 angio/interventional 
procedures, 950 myelograms, 15,000 head and 
spine CT exams, and 4500 MR exams. State-of- 
the-art equipment includes 1.0-T Siemens Mag- 
netic Resonance Scanner: 4 CT scanners; 2 new 
angiography suites; biplane myelography suite; 
and Polytome Room. A second 1.5-T MR unit and 
a PET scanner will be operational in 1990. Excel- 
lent stipend and benefits. Eligible candidates 
must have completed a diagnostic radiology resi- 
dency and be board-certified or eligible and have 
a Michigan medical license. Send inquiries to 
A.M. Wang, M.D., or D. Wesolowski, M.D., Co- 
Directors, Division of Neuroradiology, Dept. of 
Diagnostic Radiology, William Beaumont Hospital, 
3601 W. 13 Mile Rd., Royal Oak, MI 48073. 7~-9c 


FELLOWSHIP IN VASCULAR/INTERVENTIONAL 
RADIOLOGY—The Dartmouth-Hitchcock Medical 
Center will offer a t-yr. fellowship beginning 
July 1, 1991. The program includes experience 
in the full spectrum of noncardiac angiography 
as well as urologic, biliary, and guided biopsy 
procedures. Approximately 1800 diagnostic and 
interventional procedures were performed in 
1989. The position involves interaction with resi- 
dents and medical students. Clinical research is 
encouraged. The dept. will be based in a newly 
opened, tertiary-care, teaching hospital located 
in a nonurban setting in northern New England. 
Two new digital interventional suites wil! be 
opened in Sept. 1991. For additional information, 
please contact Peter K. Spiegel, M.D., Dept. of 
Diagnostic Radiology, Dartmouth-Hitchcock Med- 
ical Center, 2 Maynard St., Hanover, NH 03756. 
DHMC is an affirmative action/equal opportunity 
employer and encourages applications from 
members of minority groups. 9xc 
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FELLOWSHIP IN NEURORADIOLOGY —A fel- 
lowship position in neuroradiology is available 
July 1, 1990 and 1991, in the Dept. of Radiology 
at New England Medical Center Hospitals, Bos- 
ton, MA. The hospital is the teaching unit of Tufts 
University School of Medicine. The program is 
for 2 yrs and includes both adult and pediatric 
case material. The fellow will be trained in the 
technique and interpretation of carotid and ver- 
tebral angiography as well as myelography. CT 
and MRI of the head and spine form major com- 
ponents of the neuroradiology service, as does 
interventional neuroradiology. Neuroradiological 
services at the New England Medical Center 
Hospitals are carried out in liaison with the 
Depts. of Neurology, Neurosurgery, and Pediatric 
Neurology. Joint radiologic and clinical confer- 
ences are held frequently and, within a short 
time, the applicants will have considerable expo- 
Sure to an array of neuroradiologic material. The 
Dept. of Neuropathology also runs a monthly con- 
ference, allowing correlation to be made between 
radiologic interpretation and pathology. Interested 
applicants should call Samuel M. Wolpert, M.D., 
Professor of Radiology and Neurology, Director 
of Fellowship Program; (617) 956-6333. 8-10cp 


Other 


VISITING PROFESSORSHIP, THOMAS JEF- 
FERSON UNIVERSITY HOSPITAL—The Dept. 
of Radiology at Thomas Jefferson University 
Hospital in Philadelphia offers a visiting professor- 
ship in our Division of General Diagnastic Radi- 
ology. The position commences July 1990 and 
will be available for 2 yr, while several of our 
faculty members are on sabbatical leave. Funding 
for the position is appropriate for a senior faculty 
member from another institution on sabbatical 
with partial funding or for a junior taculty member 
in addition to working in the General Diagnostic 
Division, the visiting radiologist will have access, 
for research or educational purposes, to state- 
of-the-art MRI, CT, and ultrasound units, and to 
well-equipped physics and physiology research 
laboratories. Liberal research time will be avai- 
able. Interested individuals should contact David 
C. Levin, M.D., Chairman, Dept. of Radiology. 
Thomas Jefferson University Hospital, Philadel- 
phia, PA 19107. Jefferson is an equal opportu- 
nity/affirmative action employer 11~1de 
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aA. Columbia 
O University 


Neuroradiologist 


Harlem Hospital Center, 
an affiliate of Columbia 
University, has a full time 
position for a BC 
Neuroradiologist with 
knowlege of special and 
interventional procedures. 


Academic appointment to 
the faculty of Columbia 
University. Professionals 
interested in this position 
should send CV to: Dr. Jan 
Smulewicz, Director of 
Radiology, Harlem Hospi- 
tal Center, 506 Lenox 
Avenue, New York, NY 
10037. We take affirmative 
action to ensure equal 
opportunity. 


Radiology 


- Fellowship 


Our hospital, which is affiliated with 
the NYU School of Medicine, has.an 
opening for a fellowship in Bone 
Radiology beginning July 1, 1991. 
Minimum requirements include board 
certification by the date of appoint- 
ment. This is an unusual opportunity 


to be well-versed in the clinical- 


specialty of bone and joint diseases, 
as well as basic research. We offer a 
competitive salary and excellent ben- 
efits. For consideration, send c.v. to: 
Z. Rosenberg, MD, Director, Depart- 
ment of Radiology. 


Orthopaedic Institute 
301 East 17 Street 
_ New York, New York 10003 


Hospital For Joint Diseases 


NEURORADIOLOGY/MRI 


Roswell Park Cancer Institute is seeking Board 
certified radiologists with special interests in 
Neuroradiology and Magnetic Resonance 
Imaging and leadership in an MRI center. The 
modernization of the entire Radiology Depart- 
ment includes a new magnetic resonance imaging 
center which is under construction and expansion 
and reconstruction of the Computed Tomography 
section which is being designed. At this renowned 
comprehensive cancer center, currently entering a 
period of renewed growth, opportunity for 
research and academic activity is outstanding. A 
faculty appointment will be at the School of 
Medicine and Biomedical Sciences, SUNY at 
Buffalo, according to the level of professional 
qualifications. Please send curriculum vitae to: 


Andrew A. Gage, MD, Deputy Institute Director 
Roswell Park Cancer Institute 
Elm and Carlton Streets 
Buffalo, New York 14263 


CANCER INSTITUTE 


Roswell Park is an Equal Opportunity/A ffirmative Action Employer. 





GENERAL RADIOLOGY 
BREAST IMAGING 


Roswell Park Cancer Institute is seeking Board 
certified radiologists with special interests in 
general radiology, CT/MRI, breast imaging and 
nuclear medicine. The modernization of the entire 
Radiology and Nuclear Medicine Departments 
includes a new multidisciplinary breast imaging 
center which has been completed and a magnetic 
resonance center which is under construction. At 
this renowned comprehensive cancer center, 
currently entering a period of renewed growth, 
opportunity for research and academic activity is 
outstanding. A faculty appointment will be at the 
School of Medicine and Biomedical Sciences, 
SUNY at Buffalo, according to the level of 
professional qualifications. Please send cur- 
riculum vitae to: 


Andrew A. Gage, MD, Deputy Institute Director 
Roswell Park Cancer Institute 
Elm and Carlton Streets 
Buffalo, New York 14263 


CANCER INSTITUTE 
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purpose and the outcome of the study. When results differ 
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Case Reports 
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provides a message that transcends the individual patient. 
Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the specific interest of the case. No more than one case 
should be described in detail (similar ones can be men- 


tioned briefly in the discussion). Emphasis should be on | 


the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of four, unless the text is shortened 
accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
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Pictorial Essays 
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articles, which are based on original research, pictorial 
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scientific meeting. They are not encyclopedic book chap- 
ters. The abstract should be a short, introductory para- 
graph. 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 


Tables and Acknowledgments. Not appropriate in pic- 


torial essays. 
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Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. include a title page but no abstract. Headings 
may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
| pages. 

References. Maximum of five. 

Tables les and Figures. | Maximum of four. 
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| Technical Notes 


A technical note is a brief description 
technique or procedure, modification of a techni igue, or 
equipment of interest to radiologists. 
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Letters to the Editor and Replies should offer objective 
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Figures. Maximum of two. 


ters to the _ters to the Editor and r and Replies. 


rin mg Nah an a 


_ Computer Page Articles 


tical computer applications to radiology. 
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pages. 
References. Maximum of five. 
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Articles published on the computer page deal with prac- | 
Length. Maximum of eight double-spaced, typewritten | 


Figures and Tables. Maximum of five. Computer print- | 
outs are not acceptable. Figures must be submitted as 5 2 
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Tables 


AEE Each table is typed double-spaced on a separate 
page without vertical or horizontal rules; each has a short, 
descriptive title. Tables do not exceed two pages in length 
and contain at least four lines of data. 


__———— Tables are numbered in the order in which they are 
cited in the text. 

____.. Abbreviations are defined in an explanatory note 
below each table. 

___... Tables are self-explanatory and do not duplicate 
data given in the text or figures. 
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Figures and Legends 
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unmounted in labeled envelopes. 

Figures are clean, unscratched, 5 x 7 in. (13 x 18 
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Review Article 





Gunshot Wounds: 1. Bullets, Ballistics, and Mechanisms of 


Injury 


Jeremy J. Hollerman,' Martin L. Fackler,? Douglas M. Coldwell, and Yoram Ben-Menachem* 


The nature and severity of a bullet wound depend on the 
characteristics of the bullet and of the tissues through which it 
travels. in addition to the mass and velocity of the bullet, its 
orientation and whether it fragments or deforms affect the nature 
of the wound. Two major mechanisms of wounding are described: 
crushing and stretching of tissue. Understanding the mechanisms 
by which bullets disrupt tissue can help physicians to evaluate 
and treat wounds. 


The characteristics and severity of a gunshot wound are 
determined by the design of the weapon and projectile, the 
intermediate targets the projectile encounters between the 
gun muzzle and the body, and the sequence of tissues 
encountered along the projectile path. Although the skill of 
the person firing the weapon affects the trajectory, chance 
also plays a role. If the missile path includes a large bone, or 
if the projectile strikes a button, belt buckle, or other hard 
object, the severity of the wound often increases [1, 2]. To 
some extent, whether the bullet hits a particular wound- 
modifying structure (surface or anatomic) is a chance event. 
For any projectile, if the path includes a critical anatomic 
structure, the result may be fatal, just as if the structure had 
been stabbed by a knife. In general, projectile wounds are 
most severe when the missile yaws early in its path through 
tissue, fragments, is large, and is traveling at high speed. 

Civilian bullets are often more damaging to tissue than are 
military bullets fired from rounds otherwise configured identi- 
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cally [1, 3]. (A round is one complete unit of ammunition. This 
includes the bullet, the cartridge case, the powder, and the 
primer.) Unlike military bullets, civilian bullets are not required 
to have a full metal jacket (a metal jacket completely covering 
the bullet tip [3]), and are therefore much more likely to deform 
or fragment in tissue. Because of this, wounds produced by 
civilian hunting rifles, shotguns, and large-caliber handguns 
are often more severe than military combat wounds [3]. An 
enemy soidier wounded in war, who is sufficiently disabled to 
no longer fight but is not killed, uses more enemy resources 
than one who is killed. In addition to the loss of the soldier on 
the battlefield, personnel and material are required to care for 
and feed the wounded soldier. 


Mechanisms of Wounding 


Both missile and tissue characteristics determine the nature 
of the wound. Missile characteristics are partly inherent (mass, 
shape, construction) and are partly conferred by the weapon 
(longitudinal and rotational velocity). Tissue characteristics 
(elasticity, density, anatomic relationships) also strongly affect 
the nature of the wound. The severity of a bullet wound is 
influenced by the bullet’s orientation during its flight through 
tissue and by whether the bullet fragments [1] or deforms 
(into, for example, the typical mushroom shape of the ex- 
panding hollow-point or soft-point bullet). 
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Fig. 1.—A, Photograph shows .22 long-rifle round (/eft) and M16 round (right). 
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Two major mechanisms of wounding occur: the crushing 
of the tissue struck by the projectile (forming the permanent 
cavity), and the radial stretching of the projectile path walls 
(forming a temporary cavity) (Fig. 1). 

In addition, a sonic pressure wave precedes the projectile 
through tissue. The sonic pressure wave plays no part in 
wounding. In air, the speed of sound is approximately 300 m/ 
sec; in soft tissue, it is approximately 1500 m/sec. When a 
bullet enters soft tissue, the sonic pressure wave forms a 
hemispherical arc ahead of the advancing bullet. The short- 
lived sonic pressure pulse created may reach pressures of up 
to 100 atm (1.01 x 10’ Pa). The duration of this pulse is 
approximately 2 usec [4]. Research reported in 1947 [5] 
determined that this sonic shock wave has no damaging 
effect on tissue, a finding since confirmed by clinical experi- 
ence with sonic pressure wave lithotripsy, in which tissue 
receives sonic pressure waves two to three times greater 
than that produced by a supersonic rifle bullet [6]. The sonic 
pressure wave must not be confused with the temporary 
cavity, which is discussed later. 


Crushing of Tissue 


A missile crushes the tissue it strikes, thereby creating a 
permanent wound channel (permanent cavity). Yaw is the 


B and C, Wound profiles of same .22 long-rifle (B) and .224 caliber M-193 round of M16A1 rifle (C). (Full metal 
case [FMC] is a synonym for full metal jacket [FMJ], type of bullet used in military.) 

This figure shows that caliber (bullet diameter in hundredths of an inch) is only one indicator of wounding 
potential, and not a very good one. Because of much higher velocity (3094 ft/sec [943 m/sec], as opposed to 
1122 ft/sec [342 m/sec] for the .22 long-rifle bullet), because it fragments in tissue, and because of the greater 
bullet mass, the M16 bullet potentially can cause a much more severe wound if part struck is sufficiently thick. 
Note that both permanent cavity and temporary cavity are much larger. As is usual, temporary and permanent 
cavities of .22 long-rifle bullet are largest when bullet is at 90° of yaw. 
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angle between the long axis of the bullet and its path of flight. 
If the bullet is traveling with its pointed end forward and its 
long axis parallel to the longitudinal axis of flight (0° of yaw), 
it crushes a tube of tissue no greater than its approximate 
diameter. When the bullet yaws to 90°, the entire long axis 
of the bullet strikes tissue, and the amount crushed may be 
three times greater than at 0° of yaw. 

When striking soft tissue with sufficient velocity, soft-point 
and hollow-point bullets deform into a mushroom shape. This 
increases surface area and wound severity. For most big- 
game hunting, such bullets are mandated by law. This is to 
increase the probability of killing quickly, rather than creating 
a disabling but nonlethal wound, allowing escape and pro- 
longed suffering. If the mushroomed diameter is 2.5 times 
greater than the initial diameter of the bullet, the area of tissue 
crushed by the bullet is 6.25 times greater than the amount 
that would have been crushed by the undeformed bullet. 

Bullet fragmentation also increases the volume of tissue 
crushed [1, 7]. After bullet fragmentation, surface area is 
increased, and much more tissue is crushed. For large hand- 
gun (e.g., .44 magnum) and rifle bullets, the striking of bone 
is one of the causes of early bullet fragmentation. 

Comminuted fracture may be created by rifle and large 
handgun bullets striking bone (Fig. 2). Bone fragments can 
become secondary missiles, crushing tissue. Many handgun 
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Fig. 2.—Radiograph shows a severely disruptive bullet wound of leg. 
Gross comminution of fractures, missile fragmentation, and severe soft- 
tissue disruption suggest either a large-caliber handgun, a rifle, or a 
shotgun with large-diameter shot such as .00 buckshot. This wound was 
due to a large handgun (probably a .44 magnum). A center-fire rifle or 
large handgun is much more likely to produce severely comminuted frac- 
ture than is a smaller handgun. Soft-tissue and vascular damage associ- 
ated with these fractures delays healing and increases complications. 


bullets are unable to fragment bone significantly. When a 
large bone is struck, it is likely that a bullet will expend its 
wounding potential in the patient and will not exit. 

Bullet fragments and secondary missiles (bone fragments, 
teeth, dental fillings, coins, etc.) are likely to increase the 
severity of the wound. Multiple perforations weaken tissue 
and create focal points for stress (stress risers), which are 
particularly vulnerable to the effect of temporary cavitation 
stretch [1, 4]. 

Unjacketed lead bullets cannot be driven faster than about 
2000 ft/sec (610 m/sec) without some of the lead stripping 
off in the barrel of the gun. This is avoided if a jacket made 
of a harder metal (such as copper or a copper alloy), is used 
to surround the lead. The jacket of a military bullet completely 
covers the bullet tip (a full metal jacket). Civilian hollow-point 
and soft-point bullets usually have a jacket that surrounds 
part of the bullet (a semi-jacketed bullet), leaving the front 
portion exposed so that it can expand. 

The soft-point and hollow-point bullets of center-fire rifle 
rounds usually deform into a mushroom shape in tissue, 
increasing the volume of tissue crushed. In contrast, even the 
magnum versions of some handgun bullets designed for 
expansion fail to mushroom [8]. This is most likely with short- 
barrel handguns. The shorter the barrel length, the shorter 
the time available for bullet acceleration by the expanding 
gases created by burning gunpowder. Therefore, when iden- 
tical rounds are fired, the gun with the shorter barrel produces 
a lower-velocity bullet. Its velocity may be too low to induce 
mushrooming after impact. 

Mushroom-type expansion is intended with civilian hollow- 
point and soft-point bullets. They also can fragment. Military 
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full-metal-jacket bullets either stay intact or fragment; they do 
not mushroom. Although the M-193 military bullet of the M16 
rifle fragments in soft-tissue with a characteristic pattern 
depending on range [9, 10], other full-metal-jacket military 
bullets, such as those fired from the AK-47, the AK-74, and 
the NATO 7.62-mm rifle (American version), typically do not 
fragment unless they strike bone. 


Temporary Cavitation (Tissue Stretch) 


During flight, a bullet is stabilized against yaw by the spin 
imparted to it by the spinal grooves (rifling) in the gun barrel 
[11]. The longer (and heavier) the bullet in relation to its 
diameter, the more rapidly it must be rotated to avoid signifi- 
cant yaw in flight. Therefore, a gun barrel intended to fire a 
heavier bullet has rifling that makes a full turn in fewer inches 
of barrel length than the rifling in a barrel intended for a 
shorter, lighter bullet of the same caliber. 

Fired from an appropriate and well-designed weapon, a 
bullet flies in air with its nose pointed forward; it yaws only 1 
to 3° [6]. Yaw occurs around the bullet’s center of mass [6]. 
In pointed rifle bullets, the center of mass is behind the 
midpoint of the bullet's long axis. Although the bullet’s most 
naturally stable in-flight orientation would be with its heaviest 
part forward, for aerodynamically efficient flight, it must fly 
point forward. 

Although the bullet's spin is adequate to stabilize it against 
yaw in its flight through air, it is not adequate to stabilize it in 
its path through tissue, because of the higher density of the 
medium [12]. If it does not deform, a pointed bullet eventually 
yaws to a base-forward position (180° of yaw). Expanding 
bullets lose the physical stimulus to yaw, because after 
“mushrooming” their heaviest part is forward. 

As a bullet passes through 90° of yaw, it is crushing its 
maximal amount of tissue (unless it fragments, which will 
crush more). It is slowed down rapidly, as its wounding 
potential is used up moving tissue radially away from its path. 
This force creates the temporary cavity. This aspect of the 
wounding process is analogous to the splash of a diver 
entering the water. 

lf a diver enters the water very straight and point forward 
(similar to the point-forward configuration of a bullet at zero 
degrees of yaw), the splash may be minimal. If the diver does 
a belly-flop (similar to a bullet at 90° of yaw), a large splash 
is induced. In tissue, this splash, the temporary cavity, pro- 
duces localized blunt trauma (Fig. 3) [1, 4]. 

The maximal size of the temporary cavity occurs several 
milliseconds after the bullet has passed through the tissue 
[11]. Because forces follow paths of least resistance, tem- 
porary cavitation is likely to be asymmetric and spread out 
through tissue planes [4]. 

The temporary cavity caused by common handgun bullets 
is too small to be a significant wounding factor in all but the 
most sensitive tissues (brain and liver) [4]. Center-fire rifle 
bullets and large handgun bullets (e.g., .44 magnum) often 
induce a large temporary cavity (10-25 cm [4-10 in.] diame- 
ter) in tissue. This can be a significant wounding factor, 
depending on the characteristics of the tissue in which it 
forms [4, 13]. 
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Fig. 3.—A and B, High-speed radiographs of thigh of a cat during (A) 
and after (B) passage of a 4/32-in. (3.2 mm) steel sphere with impact 
velocity of 3200 ft/sec (975 m/sec). Sciatic nerve of cat’s thigh made 
radiopaque with iodobenzene. Images obtained with beam parallel to path 
of missile. 

Microsecond radiograph during passage (A) shows anterior displace- 
ment of sciatic nerve by temporary cavity. Tissues surrounding path of 
projectile are undergoing blunt trauma and tissue stretch because of 
temporary cavity formation. 

Radiograph made immediately after shot (B) shows permanent cavity 
(wound channel) is considerably smaller than temporary cavity. Sciatic 
nerve is in its usual anatomic position. Nerve and vessel injury from stretch 
may have occurred. (Courtesy of Leonard D. Heaton, James B. Coates, Jr., 
and James C. Beyer; reprinted with permission from Wound Ballistics, 
Office of the Surgeon General, Department of the Army, 1962, p. 209.) 


Near-water-density, less elastic tissue (e.g., brain, liver, or 
spleen), fluid-filled organs (including the heart, bladder, or 
gastrointestinal tract), and dense tissue (e.g., bone) may be 
damaged severely when a large temporary cavity contacts 
them [11]. More elastic tissue (e.g., skeletal muscle) and 
lower-density elastic tissue (e.g., lung) are less affected by 
the formation of a temporary cavity [14, 15]. Because of these 
tissue differences, the transmitted forces of temporary cavi- 
tation caused by a bullet traveling 800-950 m/sec can cause 
a more severe pulmonary contusion when the bullet traverses 
the chest wall musculature than the pulmonary contusion that 
would have occurred had the same bullet passed directly 
through the lung [3, 15, 16]. 

Although formation of a large temporary cavity often has 
devastating effects in the brain or liver, its effect in wounds 
of the extremities has frequently been exaggerated in articles 
about wound ballistics [4, 6, 17]. Fracture of large bones not 
hit by the bullet and tearing of major vessels or nerves by the 
temporary cavity are often mentioned in the literature (e.g., 
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DeMuth [3]), but are rare in clinical experience. This includes 
a systematic review of 1400 rifle wounds sustained in the 
Vietnamese War and analyzed in the Wound Data and Muni- 
tions Effectiveness Team (WDMET) study (Bellamy RF, per- 
sonal communication). Most of the permanent damage in 
wounds of the extremities is the result of structures being hit 
by the intact bullet, bullet fragments, or secondary missiles. 
As in all blunt trauma, shear forces develop and tear struc- 
tures at points where one side is fixed and the other side is 
free to move. The temporary cavity is no exception. In the 
unlikely event that the blunt trauma of the temporary cavity 
tears a vessel wall, this is particularly likely to occur at the 
vessel origin. 


Ballistic Properties and the Wound Produced 


Recent controlled animal experiments with military rifle 
bullets [18] have clearly disproved the assertion that all tissue 
exposed to temporary cavitation is destroyed. These studies 
also show that not only does the 14-cm-diameter temporary 
cavity produced by the AK-74 assault rifle not destroy a great 
amount of muscle, but the sizable stellate exit wound it 
causes in the uncomplicated thigh wound ensures excellent 
wound drainage, which assists healing [14, 18, 19]. This is 
consistent with the pathophysiology of wound healing and 
the history of the treatment of wounds received in war [18, 
19]. A history that the wound was caused by a “high-velocity 
bullet” does not mandate radical excision of the wound path 
[4, 6, 13, 14, 19-21]. 

The characteristics of the wounded tissue, the thickness of 
the body part, the point in the path of the bullet at which yaw 
or fragmentation occurs, and other factors strongly influence 
the wound produced. Bullets of equal wounding potential may 
produce wounds of quite different severity, depending on 
which tissues they traverse. The heavier, slower bullet 
crushes more tissue but induces less temporary cavitation. 
Most of the wounding potential of the lighter, faster bullet is 
likely to be used up forming a larger temporary cavity, but 
this bullet leaves a smaller permanent cavity. The heavier, 
slower bullet causes a more severe wound in elastic tissue 
than the lighter, faster bullet, which uses up much of its 
potential producing tissue stretch (temporary cavitation). This 
tissue stretch may be absorbed with little or no ill effect by 
elastic tissue such as lung or muscle. In nonelastic tissue, 
such as liver or brain, the temporary cavity produced by the 
lighter, faster bullet can produce a more severe wound. 

Experiments with ballistic gelatin (which duplicates the pro- 
jectile deformation and penetration depth of living animal mus- 
cle [13]) have shown that most full-metal-jacketed rifle bullets 
yaw significantly only at tissue depths greater than the di- 
ameter of human extremities [10]. In the first 12 cm (the 
average thickness of an adult human thigh) of a soft-tissue 
wound path, there is often little or no difference between the 
wounding effects of low- and high-velocity bullets when the 
high-velocity bullet is of the military full-metal-jacket type [4, 
10]. This is particularly true of the relatively heavier military 
rifle bullets, such as those fired by the AK-47 and NATO 7.62- 
mm (American version) rifles [4]. A wound of an extremity 
caused by an AK-47 bullet that does not hit bone is often 
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Fig. 4.—A and B, These wound profiles illustrate use of ballistic principles for “wound design.” Wound profiles of AK-47 (A) and AK-74 (B) bullets in 
ballistic gelatin are presented. AK-47 has been standard military rifle of Soviet bloc but is being replaced with AK-74. AK-47 fires a 7.89-g full-metal-jacket 
(FMC) bullet 7.62 mm in diameter at a muzzle velocity of 713 m/sec (2340 ft/sec). AK-74 fires a 5.45-mm, 3.4-g FMC bullet at 935 m/sec (3066 ft/sec). 
AK-74 bullet is designed to yaw earlier in its wound path than AK-47 bullet does (see text). Extremity wounds from AK-74 can be expected to be much 
more severe than those from AK-47. This is especially true for wound paths in extremities that are entirely through soft tissue and do not include a large 


bone. 


similar to a handgun bullet wound. A soft- or hollow-point 
bullet fired from a civilian rifle deforms soon after entering 
tissue and produces a much more severe extremity wound. 
Compare the first 12 cm of the wound profile of the .22 long- 
rifle round in Figure 1 with the wound profile of the AK-47 
round in Figure 4. If a high-velocity, heavy bullet does not 
deform, fragment, or hit a bone, it may exit an extremity with 
much of its wounding potential unspent. These same bullets 
are often lethal in chest or abdominal wounds because the 
trunk is thicker than an extremity and allows the bullet a 
sufficiently long path through tissue to yaw. Note that maximal 
temporary cavitation induced by the AK-47 bullet (Fig. 4A) 
during the first cycle of bullet yaw is at a tissue depth of 28 
cm, much greater than the diameter of a human extremity. 
The second cycle of bullet yaw occurs at a depth too great 
to be of significance in most wound paths in humans. 

The AK-74 bullet (Fig. 4B) is lighter than the AK-47 bullet 
and is internally constructed to cause early yaw. It causes its 
maximal temporary cavity at a tissue depth of 11 cm. Extrem- 
ity wounds from the AK-74 can be expected to be much more 
severe than those from the AK-47 [9, 22]. The lighter, smaller 
round allows a soldier to carry many more rounds of ammu- 
nition. This was the primary motivation for development of 
the M16 and the AK-74 [4]. 

Figure 1 shows that caliber (bullet diameter in hundredths 
of an inch) is only one indicator of wounding potential, and it 
is not a very good one. Although the .22 long-rifle bullet and 
the M-16 bullet are similar in diameter (caliber), the M16 bullet 
is heavier (3.6 vs 2.7 g for the .22 long-rifle bullet), mainly 
because the M16 bullet is longer. Each bullet is seen protrud- 
ing from the end of its cartridge case. The bullet is the portion 
of the round that leaves the end of the gun barrel after firing. 
Because of its much higher velocity (3094 ft/sec [943 m/ 
sec], as opposed to 1122 ft/sec [342 m/sec] for the .22 long- 
rifle bullet), because it fragments in tissue, and because of its 
greater bullet mass, the M16 bullet causes a much more 
severe wound. Note that both the permanent cavity and the 
temporary cavity are much larger. As is usual, the temporary 
and permanent cavities of the .22 long-rifle bullet are largest 


when the bullet is at 90° of yaw. Note also that the large 
temporary and permanent cavities formed by the M16 bullet 
occur mainly from 11 to 30 cm deep in tissue. The bullet has 
its highest velocity when it enters the tissue, but forms a 
small wound channel at that point. Only when it fragments or 
yaws to 90° is its severe wounding effect realized. At that 
point it is traveling slower. Bullet velocity, then, is only one 
factor in wounding [7, 20, 23]. 

Bullets are not sterilized by the heat of firing. They can 
carry bacteria from the body surface or body organs, including 
a penetrated colon, deep into the wound [12, 24]. 


Conclusions 


Understanding the mechanisms by which penetrating pro- 
jectiles disrupt tissue can assist the physician in evaluating 
and treating the wound in a rational manner. Both missile and 
tissue characteristics determine the nature of the wound. 

Two major mechanisms of wounding exist: crushing and 
stretching of tissue. The elasticity and density of a tissue and 
the thickness of the body part wounded strongly affect the 
wound produced. Missile mass, construction, tendency to 
fragment or yaw, and velocity are key factors in determining 
the wounding potential of a missile. Velocity often dominates 
discussions of wound ballistics; however, a bullet can inflict 
more lethal damage to tissue by fragmentation and yaw than 
by high velocity. 
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Radiologists can contribute substantially to the evaluation and 
treatment of the patient with a gunshot wound. Plain films, CT, 
angiography, and sometimes MR imaging are used to localize the 
missile, determine what path it followed in the body, assess 
missile and bone fragmentation, and identify missile emboli. If 
the peritoneal cavity was entered by a bullet, a laparotomy is 
required. Missiles subject to magnetic forces can complicate MR 
imaging. Certain locations of missile fragments predispose to 
lead poisoning or lead arthropathy. Angiography is useful for both 
diagnosis and treatment. Both angiographic hemostasis and per- 
cutaneous foreign body removal may be used. 


Gunshot wounding is an interaction between the penetrat- 
ing projectile, the anatomy of the wounded subject, and the 
chance occurrences that determine the exact missile path. 
The mass and velocity of the projectile establish the upper 
limit of possible tissue damage. Whether this potential is 
realized, and where, depends on what tissue the missile 
encounters, whether the missile fragments or expands, and 
at what point along the missile path yaw occurs. (Yaw is the 
angle between the long axis of the bullet and its path of flight.) 

The radiologist can contribute substantially to the success- 
ful treatment of the patient with a gunshot wound. Important 
analysis includes determining the missile path by using plain 
films, CT, and sometimes MR imaging. The radiologist further 
evaluates the extent of wounding by assessing missile and 
bone fragmentation and by determining secondary missile 
paths. It is important to identify sites of missile emboli, decide 
whether missile fragments are intraarticular or intraspinal, and 
determine whether structures such as large vessels or hollow 
viscera have been traversed. 
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To understand the radiology of gunshot wounds, a basic 
knowledge of wound ballistics is needed. (See the companion 
paper, “Bullets, Ballistics, and Mechanisms of Injury,” in this 
issue.) Useful clinical and forensic information can be derived 
from such knowledge when it is complemented by the radiol- 
ogist’s experience in film interpretation. 


Assessment of Missile Type 


On a radiograph, assessment of missile caliber is difficult 
because of magnification and missile deformation (Fig. 1). If 
an undeformed bullet is seen in two views at 90°, and its 
degree of magnification is known, it is possible to assess the 
caliber of the bullet. The focus-object distance and focus- 
image distance (also known as the focus-film distance) must 
be known. This requires knowing the position of the bullet in 
the patient’s body and its location relative to the film [1]. 
Many radiographs show only fragments of the bullet and do 
not allow determination of the type of weapon and projectile 
causing the wound. Certain bullets fragment in a characteristic 
pattern (e.g., M16 military bullets and the 357 magnum 125- 
grain Remington semijacketed hollow-point bullet). Some- 
times the pattern of fragments can be used to identify the 
bullet. Deformation of large lead shotgun pellets (e.g., 00 
buckshot) after contact with bone can cause these to be 
confused with deformed bullet fragments [2]. 

Missile caliber is only one indicator of wounding potential, 
and it is not a very good one. Unfortunately, conventional 
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Fig. 1.—A and B, Radiograph (A) and photograph (B) of same six rounds (A-F) at three different distances from the X-ray film. A = .30-06 (the version 
of this round with a full-metal-jacket bullet was the military round of the United States in World Wars | and Il), B = .25-35, C = .38 special, D = .357 


magnum, E = .22 long rifle, and F = .22 short. 


In A, in left column, focus-image distance (FID) (also known as focus-film distance) is 40 in. (101.6 cm), and focus-object distance (FOD) is also 40 in. 
(101.6 cm). In center column FID and FOD are 40 in. (101.6 cm) and 35 in. (88.9 cm), respectively (14% diameter magnification). In right column, FID and 
FOD are 40 in. (101.6 cm) and 30 in. (76.2 cm), respectively (33% diameter magnification). Note that visual impression is of much greater magnification, 
probably because of visual perception of area rather than diameter. Depending on bullet’s position in body of wounded subject, there is a differing degree 
of magnification of bullet on radiograph. FOD changes with changes in the patient’s position. As would be expected, with increasing magnification, 
sharpness of margins of bullet decreases slightly. Degree of bullet deformation in each projection influences measured diameter. Because of magnification 
and deformation, reliable assessment of caliber can be difficult. (Figure courtesy of Bradford Allan and Larry Algiers.) 


weapon and bullet designations are often numerically incor- 
rect. In Figure 1, note that the .38 special (labeled C) and the 
.357 magnum (labeled D) use bullets that have the same 
diameter (.357 in. [9.07 mm]). These bullets are often exactly 
the same weight. The longer cartridge case of the magnum 
contains more powder, giving the bullet higher velocity and 
greater wounding potential. These two bullets do not look 
exactly alike because the .38 special is a standard lead bullet, 
and the squared-off .357 magnum bullet is a semiwadcutter 
shape. Either bullet could be put in either case. Note how 
much room for powder there is in the cartridge case of the 
.30-06 hunting rifle round (the nomenclature refers to a .30 
caliber bullet modified in 1906) at the top of each column 
(labeled A). This round, loaded with a soft-point or hollow- 
point civilian bullet, is far more likely to cause a severe wound 
than standard military or assault rifle ammunition. 

A jacket made of a metal harder than lead, such as copper 
or a copper alloy, is used to completely or partially surround 
the lead core of many bullets. If a bullet is fully or semijack- 
eted, the bullet jacket usually cannot be distinguished from 
the lead core on standard radiographs, because the entire 
bullet is of metallic density. Occasionally, as the bullet deforms 
or fragments, the bullet jacket separates from the bullet and 
is visible on a radiograph. 

When an undeformed bullet is seen on a radiograph, it is 
usually not possible to state accurately whether it is fully 
jacketed or not. It may not have deformed because it entered 
the patient with insufficient velocity, it did not strike a structure 
causing it to deform, or it is a full-metal-jacket bullet. Some 
full-metal-jacket bullets, such as that fired by the M16 military 
rifle, do fragment on short-range shots [3], but most do not. 


Localization of Missiles 


As in all of radiology, localization requires two views at 90°, 
or a tomographic image. CT of the head and body is often 
useful for analysis of bullet path. The CT digital scout radio- 
graph can be used for missile localization. It usually can be 
taken in anteroposterior and lateral projections without mov- 
ing the patient. The ability to manipulate the display window 
and level allows visualization of bullets through dense struc- 
tures, such as the shoulders and pelvis. 

It always must be ascertained that the path from the 
entrance wound is consistent with the bullet’s current loca- 
tion, because a bullet may have reached its present location 
by embolization. Even in the absence of embolization, bullets, 
particularly handgun bullets, do not always follow a straight 
path in the body. They may ricochet off of body structures, 
especially bone (Fig. 2), or may follow fascial or tissue planes 
[4, 5]. However, most bullets do follow fairly straight paths 
through the body (Fig. 3). Bullets that are deflected by ana- 
tomic structures, or that follow tissue planes, tend to be 
traveling at low velocity (less than 1100 ft/sec [335 m/sec]) 
(Fig. 2). Bullet shape also influences the tendency to be 
deflected. 


Missile Embolization 


In general, bullet and missile fragments that embolize were 
fired from common handguns or .22 caliber rimfire rifles and 
entered the body at low velocity [6-8]. Often, they are nearly 
spent, having the ability to penetrate only one wall of a tubular 
structure (therefore becoming contained within it). 
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Fig. 2.—Unpredictability of wound path in a bullet wound caused by a hand 


RADIOLOGY OF GUNSHOT WOUNDS 693 





gun. Patient, who had previously undergone coronary bypass surgery, was 


shot with a .22 caliber handgun bullet, which travels less than 1000 ft/sec (305 m/sec). 
A and B, Posteroanterior (A) and lateral (B) chest radiographs. Imaginary straight line from entry wound (arrow) to bullet’s resting point was not bullet’s 


path. This is shown by angiographic findings (C, D). 


C, Aortogram shows bullet was deflected anteriorly and skidded along inner aspect of anterior chest wall from left to right. Bullet caused transection 


and false aneurysm of left internal mammary artery (M) and was deflected a 


gain by sternum, posteriorly toward center of right hemithorax, causing injury 


to origin of native right coronary artery, seen bleeding (arrow) through a channel in right atrioventricular septum into right atrium (A) and right ventricle 
(V) simultaneously. Black arrowheads mark patent coronary artery bypass grafts. 

D and E, After cardiologist’s evaluation showed volume of coronary artery bleeding did not require thoracotomy, embolization was performed 
angiographically. Angiograms of left internal mammary artery obtained before (D) and after (E) embolization for pseudoaneurysm of internal mammary 
artery (arrow in D), are shown. (Occluding agents: a steel coil backed by one Gelfoam torpedo [Upjohn Co., Kalamazoo, MI)). 


Arterial and venous embolization of bullets and shotgun 
pellets, as well as bullet movement within the spinal canal 
subarachnoid space, has been reported [6-11]. A bullet em- 
bolus in the right or left pulmonary artery may shift from one 
pulmonary artery to the other as the patient changes body 
position [6]. Migrating venous bullets are more likely to lodge 
in the right ventricle than in the pulmonary arterial tree be- 
cause they tend to become trapped beneath the tricuspid 
valve or within the chordae tendineae [6]. Although rare, 
paradoxical embolization can occur, originating in the venous 
system and passing through a patent foramen ovale, pre- 
senting as a distal arterial embolus. 


Occasionally, a missile may traverse one wall of the gas- 
trointestinal tract or tracheobronchial tree and subsequently 
pass out through these [12, 13]. 

It is generally accepted that a missile freely floating within 
a Cardiac chamber should be removed to prevent embolization 
[14, 15]. Missiles clearly embedded in chamber walls are 
relatively safe [14]. In one case, a shotgun pellet was probably 
dislodged from the heart during cardiopulmonary resuscita- 
tion, and embolized to the intracranial circulation, with a fatal 
result [16]. Missile size does not seem to be especially 
important, because all sizes can produce morbidity after 
embolization. Two-dimensional echocardiography is useful in 
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Fig. 3.—Accidental self-shooting (holster accident, .44 hollow point). 
Bullet entered at midline of popliteal fossa. Wound tract was through 
superficial and deep posterior and anterior tibial compartments. 

A and B, Proximal (A) and distal (B) angiograms of right popliteal artery 
and leg show spasm of posterior tibial (T) and peroneal (P) arteries and 
an intimal flap in posterior tibial artery (arrowhead). Anterior tibial artery is 
occluded at mid-calf and is irregular immediately superior to site of occlu- 
sion (arrow); it reconstitutes via collaterals above ankle. Surgical inspec- 
tion of all three arteries is needed and, probably, ligation of anterior tibial 
artery. Given tricompartmental involvement, multiple fasciotomies may be 
required. Operative wounds should be left open. 


determining whether a missile is embedded in a chamber wall 
[14]. CT (particularly high-speed CT) and MR imaging for 
nonmagnetic missiles also have a role. On chest radiographs, 
blurring of the margins of a pericardiac missile or fragment is 
grounds for suspecting that the missile is in or next to the 
heart [1, 15]. If a surgeon reports one hole in the heart at 
thoracotomy, but no missile is found in the chest during 
surgery or on chest radiologic studies, a search for an em- 
bolized missile should be undertaken. Similarly, if an intratho- 
racic metallic foreign body is seen on the chest radiograph of 
a patient without a chest wound, the possibility that this 
represents an embolus should be considered [6]. 

Bullets may move within the skull and brain [10, 17, 18]. In 
the brain, this sometimes signifies brain abscess, or occa- 
sionally represents retrograde movement along the wound 
path of entry [18]. Bullet passage from within the skull into 
the spinal canal has been described [10]. 

Whenever a bullet is not found on radiographs of the body 
part predicted on the basis of the entrance wound to contain 
it, the bullet's location is not known, and there is no exit 
wound, additional radiographs or fluoroscopy to find the bullet 
is mandatory. Immediately before surgery for removal of a 
missile, another radiograph should be obtained to confirm the 
exact location of the missile [7]. Radiolucent plastic bullets 
exist [19, 20], but injuries from these rarely are seen in the 
United States. 

Interventional radiologic techniques are useful in bullet re- 
moval, including the removal of intravascular and intrarenal 
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bullets [7, 9, 21, 22]. Significant deformation of an intravas- 
cular bullet is a relative contraindication to retrieval with a 
transarterial catheter because of potential damage to the 
intima [8, 23]. Arthroscopy sometimes can be used for re- 
moving bullets from joints, especially the knee [24]. 


Extremity Wounds 


In extremity wounds, when a radiograph reveals an unde- 
formed bullet lying in the soft tissues and no fracture is 
present, tissue disruption is usually minor (Fig. 4A). However, 
if a major vessel or nerve is divided, even a simple wound 
can have a severe effect. 

lf a cluster of small bullet fragments is visible on a radio- 
graph this is a strong indicator of significant tissue damage 
at that site [25]. Air visible between muscle bundles suggests 
temporary cavitation blunt trauma in that region. 

Handgun wounds of the extremities yield characteristic 
fracture patterns. Frequently seen are divot fractures of cor- 
tical bone, drill-hole fractures, butterfly fractures, and double 
butterfly fractures [26-29]. Nondisplaced fracture lines some- 
times radiate from these defects. These usually heal well 
[30]. Unusual spiral fractures proximal or distal to the bony 
gunshot wound also occur, probably because of stress risers 
and the fact that the bone was under load or stress at the 
time of impact [27, 29]. Early fasciotomy to prevent compart- 
ment syndrome is important, when needed. 

In gunshot fractures from rifles and large handguns, a 
greater extent of comminution may be seen [26, 28, 31]. 
These fractures often have complications because of the soft- 
tissue damage these bullets cause [28]. Wound infections are 
more common in this group [28]. 

At some hospitals, outpatient treatment is being used suc- 
cessfully for extremity fractures caused by handguns, if no 
significant neurologic or vascular compromise has occurred 
[32]. 


Lead Fragments and Lead Poisoning 


Lead fragments in soft tissue usually become encapsulated 
with fibrous tissue and do not cause problems. Lead intoxi- 
cation occasionally can result from soft-tissue wounds, partic- 
ularly those containing many lead pellets [33]. Intraarticular, 
disk space, and bursal locations of bullet fragments are 
common for bullet-induced lead poisoning [34-37]. Lead frag- 
ments in the brain are usually benign unless they are copper- 
plated (as are many civilian .22 caliber bullets) [38]. Copper- 
plated lead pellets produced a sterile abscess or granuloma 
in the brain of cats surgically implanted with missiles of this 
type [38]. This was often associated with downward migration 
of the missile, resorption of copper from the surface of the 
missile, progressive neurologic deficit, and often death. These 
findings were absent in cats whose brains were implanted 
with uncoated lead pellets. 

Intraarticular fragments should be removed to avoid the 
destructive synovitis that lead can cause [31, 34]. Fragments 
within a joint space may be distributed by joint mechanics so 
that they create an arthrogramlike effect on radiographs, 
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Fig. 4.—Two patients shot with handguns. 

A, Radiograph shows a small-caliber, hand- 
gun bullet that lacked sufficient velocity to exit 
child’s upper arm. As no hard object (such as 
bone) stopped the bullet, and it did not traverse 
any other body part before the arm, bullet had 
little wounding potential when it entered patient. 
Even a missile such as this can produce a seri- 
ous wound if it divides a major vessel or nerve, 
similar to a stab wound. One also must make 
sure that bullet did not arrive here by emboliza- 
tion. 

B, Radiograph of knee after bullet traversed 
patella shows bullet fragmentation within joint 
space has created an arthrogram effect, which 
has been referred to as a plumbogram. Articular 
cartilage of lateral compartment of tibiofemoral 
joint is outlined by fragments. 


delineating cartilage surfaces and joint capsule recesses (Fig. 
4B). This has been termed a plumbogram [39]. Significant 
damage to the articular cartilage visible at surgery may be 
present as a result of lead synovitis, when radiographs remain 
normal except for bullet fragments [34]. If large fragments are 
present in the joint, they can cause severe mechanical trauma 
during motion. This motion can cause further lead fragmen- 
tation. Lead is relatively soluble in synovial fluid. 

Whether lead poisoning occurs depends largely on the 
surface area of the retained lead particles and their location 
in the body [36, 40]. In several cases, a fibrotic mass contain- 
ing gray fluid with a high lead content has been observed 
adjacent to the site of the large bullet fragment(s) [35-37]. In 
cases of lead encephalopathy, CT of the brain may show 
contrast enhancement in a gyriform pattern [36]. Sometimes 
the onset of clinical lead poisoning can be quite rapid [40, 
41], but usually it takes years. 


Abdominal Wounds 


In trunk wounds, an analysis of the bullet path to determine 
whether the peritoneum has been traversed is mandatory. 
Two radiographs at 90°, CT, clinical examination, and peri- 
toneal lavage are all useful [42]. Abdominal CT is more 
accurate if performed before peritoneal lavage. If peritoneal 
penetration by a bullet is suspected, laparotomy is indicated 
[43-45]. The morbidity and mortality rates of an exploratory 
laparotomy that shows no significant intraabdominal injury 
are low compared with those of missed intestinal injury. CT 
is useful, especially when an exclusively body-wall or retro- 
peritoneal path is suspected [46, 47]. CT has largely replaced 
excretory urography as the preferred means of evaluating the 
urinary tract after penetrating trauma. Excretory urography is 
not very sensitive for detection of renal injury [48]. 

During interpretation of posttrauma abdominal CT, the daily 
challenge remains detection of intestinal injuries. CT exami- 
nation of metal fragment or war injuries is difficult because 
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the presence of oral contrast material can mask intraluminal 
metallic fragments, but without oral contrast material, 
through-and-through gastrointestinal injuries may be missed 
[49]. The entire body wall always must be included on the CT 
display of any patient injured by fragments [46]. 


Chest Wounds 


Any bullet wound below the nipple line should raise the 
question of whether the diaphragm or abdomen has been 
penetrated. CT sometimes can be used to make this deter- 
mination [49]. Laparotomy is required if peritoneal penetration 
cannot be excluded [44, 50]. 

Only 15-20% of urban gunshot wounds to the chest require 
open thoracotomy [51]. Chest wounds are often treated 
adequately with tube thoracostomy, airway management, 
and, if necessary, blood replacement. Clinical examination, 
analysis of drainage material from the chest tube, and exam- 
ination of the chest radiograph will determine whether the 
patient needs a thoracotomy. 

Whenever a gunshot wound traverses the midline of the 
neck or the width of the mediastinum, perforation of the 
esophagus should be suspected [52]. Esophageal evaluation 
should not be overlooked after angiographic evaluation of the 
neck or chest. 


Head Wounds 


Outcome is determined by the specific brain structures 
wounded. CT is effective for detecting bullet and bone frag- 
ments but is less accurate for detecting wood, clothing, 
plastic, stones, and other relatively radiolucent material pro- 
pelled into the wound by the bullet. 

Inward beveling of the calvarial defect at the bullet entrance 
and outward beveling of the skull at the exit wound are typical 
[53-57]. This is due partly to the geometry of the skull [57] 
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and partly to the bullet-bone interaction. Characteristic frac- 
ture patterns of the skull can be used to identify entrance and 
exit wounds [5, 53-56]. When there is a cranial exit wound, 
fractures propagate across the calvarium faster than the bullet 
travels through the brain, producing characteristic patterns of 
fracture sometimes allowing differentiation of entrance and 
exit [53, 54]. 

Bullets crossing the midline of the brain either sagittally or 
coronally are usually lethal [58-60]. The presence of bone or 
metal fragments away from the path of the largest bullet 
fragment is associated with a poor prognosis [59]. Self- 
inflicted gunshot wounds are more frequently lethal than 
gunshot wounds sustained during an assault [59, 60]. This is 
probably because of the usual coronal bullet path of self- 
inflicted injuries, across the midline and near the brainstem. 
Approximately 2% of gunshot suicides involve multiple 
wounds, usually when the first wounds are not disabling [1]. 

As in the rest of the body, because of the skin's elastic 
properties, a nearly spent bullet is often arrested subcutane- 
ously at the end of the wound path. 


Pellet Wounds 


Compared with the pointed rifle bullet, the spherical pellet 
slows rapidly in its flight through air or tissue [61]. In tissue, 
the entire wounding potential of the shot pellet at its entrance 
velocity is likely to be delivered to the target, often with no 
exit wound. Victims hit by multiple projectiles must be as- 
sessed in light of the combined wounding capacity of the 
projectiles. This is particularly important in shotgun wounds 
and is sometimes important in analysis of multiple bullet or 
fragment wounds, particularly those fired in rapid bursts that 
strike the body nearly simultaneously. 

At close range (<3 m), the shotgun pellets remain tightly 
clustered. Therefore, shot size (e.g., number six vs 00 buck- 
shot) makes little difference, as the entire load of the pellets 
functions as a unit, with a velocity virtually equal to muzzle 
velocity [62]. Shotgun wounds at ranges less than 5 m consist 
of multiple parallel wound channels. This grossly disrupts the 
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blood supply to tissue between the wound channels (Fig. 5). 
The most severe civilian firearm wounds typically seen are 
those inflicted by a shotgun from close range [62, 63]. After 
a close-range or contact shotgun wound to the trunk, external 
examination of the patient, particularly after adequate volume 
resuscitation, often does not disclose the severity of the 
internal injuries present. 

Diagnosing long-range injury on the basis of the pattern of 
pellet spread is sometimes problematic. When shotgun pellets 
are tightly clustered (or widely spread out) close-range (or 
long-range) injury is usually suspected. However, in close- 
range injuries, the “billiard ball” effect may cause considerable 
pellet spread [1]. On radiographs, particularly in trunk 
wounds, this effect can simulate the pellet spread of a longer- 
range injury [1, 63]. 

When shotgun pellets are clumped, particularly in the lower 
abdomen, they may be in a hollow viscus, such as the bladder 
or intestine [64]. The inherent elasticity and contraction of the 
highly muscular bladder wall can seal off puncture wounds of 
0.5 cm or less [64]. Therefore, sometimes after bladder 
penetration, no leak is seen on the cystogram. 

Preoperative angiography of most close-range shotgun ex- 
tremity wounds is recommended [65, 66]. Major neural injury 
after shotgun wounding may be more important than fracture 
or major vascular injury in determining the final outcome [67]. 
During surgical exploration of a close-range shotgun wound, 
it is important to conduct a careful search for wadding, wad 
column, casing debris, plastic shot cup, and surface materials 
carried into the wound (e.g., clothing, glass, or wood). Many 
of these are radiolucent. 

Newer BB guns and airguns that fire small pellets have 
considerably higher muzzle velocity (up to 300 m/sec) than 
older guns of this type [68]. Penetrating injuries of the eye, 
skull, chest, abdomen, and extremities occur with these 
weapons and are sometimes fatal [68, 69]. These firearms 
should not be considered toys [68, 69]. 

Several types of handgun ammunition (e.g., Glaser, Mag- 
safe) are made that consist of a copper cup filled with shot 
[70]. If a radiograph shows shotgun pellets and a metallic cup 


Fig. 5.—Two patients after contact shooting 
(birdshot). In close- and medium-range shotgun 
wounds, bone can, in some cases, provide pro- 
tection, depending on direction of fire. 

A, Popliteal angiogram of patient shot from 
the front shows primary collision with bone 
leaves popliteal soft tissues intact. Recov- 
ery is expected, with possible residual lead ar- 
thropathy. 

B, Popliteal angiogram of patient shot from 
rear shows primary collision of entire load with 
soft tissue of popliteal fossa. This destroyed 
neurovascular bundle, resulting in above-knee 
amputation. Severe fracture comminution and 
soft-tissue disruption are typical of a close- 
range shotgun wound. 
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(often fragmented) in the wound, this type of ammunition 
should be considered. In shotgun ammunition, the shot cup 
is usually radiolucent, whereas in this type of handgun am- 
munition, the cup is made of copper and is visible. A radiolu- 
cent cap (which frequently fragments in the wound) is used 
to seal the shot in the metallic cup. The metallic shot cup 
should be removed for examination by a firearms examiner, 
as rifling marks may allow a positive identification of the 
weapon. This is similar to the identification of a weapon based 
on examination of the weapon and a recovered bullet. 


Magnetic Missiles and MR imaging 


MR imaging can be useful in the evaluation of gunshot 
wounds, particularly when star artifact from a dense metallic 
bullet fragment limits the usefulness of CT [71]. Vascular 
abnormalities, including arteriovenous fistula or aneurysm, 
sometimes are revealed [72, 73]. 

Missiles composed of ferro- or paramagnetic materials may 
produce MR artifacts disproportionate to the missile’s size. 
This can sometimes obscure important information. Small, 
nonmagnetic metallic foreign bodies (e.g., surgical clips and 
wires) are generally not a problem. Large-volume, nonmag- 
netic conducting materials inside or outside the body may 
generate eddy-current artifacts that obscure image detail. For 
nonferrous missiles, image artifacts are usually less severe 
on MR than on CT. Contraindications to MR imaging include 
intraocular metal fragments, cerebral aneurysm clip, or car- 
diac pacemaker presence. 

One potential problem in performing MR imaging ensues 
from the fact that certain missiles in the body are especially 
subject to magnetic forces. The most likely such missile to 
be encountered in gunshot wounds in the United States is 
steel shot, required by law for hunting waterfowl. If a radio- 
graph shows shot that is not deformed and remains round, 
steel shot should be considered. It is harder than lead shot 
and deforms less. Other missiles potentially containing metal 
subject to magnetism include some AK-47 ammunition (par- 
ticularly that from China, which often is sold in the United 
States), with a bullet that contains a steel penetrator sur- 
rounded by a steel bullet jacket; AK-74 ammunition, which 
also has a steel penetrator within the bullet; and the M855/ 
S8109 M16A2 bullet, which contains a steel penetrator as 
well. The last is designed for use in the M16A2 rifle, which is 
replacing the M16A1 as the standard-issue United States 
military rifle. The AK-47 round is unlikely to stay in the body 
of the wounded person unless it hits a large bone. The AK- 
74 ammunition is not yet widely available in the United States. 


The Angiography of Gunshot Wounds 


The unique value of angiographic methods in the diagnosis 
and treatment of traumatic hemorrhage is no longer doubted; 
however, some disagreement persists about the indications 
for their use [23, 42, 74, 75]. The present approach to injuries 
evolved through the accumulation of clinical experience and 
through prospective and retrospective analyses [65, 76-78]. 
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The Decision for Angiography 


The main decision facing the surgeon called to the emer- 
gency department is whether to operate. Accordingly, the 
examination selected should be the one that provides the 
most reliable information in the shortest possible time [23, 
42]. Angiography is often that examination. 

The indication for angiography is linked to the indication for 
surgery. The correct approach to a gunshot victim is to ask 
first, “Does this patient require exploration?” If so, the next 
question is, “Should this exploration be surgical or angio- 
graphic?” 


Factors Affecting Diagnosis and Management 


The degree of certainty in the surgeon's mind about the 
presence or absence of an injury is often directly related to 
the low reliability of physical examination in patients with 
inconclusive or absent signs of injury [79]. Where angiography 
is used liberally, physicians may be inclined to interpret incon- 
Clusive signs as irrelevant or normal, preferring instead to rely 
heavily on angiography for diagnosis. In centers where this is 
the case, the yield of abnormal findings in patients who are 
regarded as asymptomatic is relatively high [75]. On the other 
hand, when physical examination is meticulous, and especially 
when it is supported by Doppler studies, the tendency is to 
interpret inconclusive signs as abnormal. The rate of angio- 
grams showing abnormalities in asymptomatic patients thus 
declines considerably [80]. 

Not all body regions are amenabie to physical examination 
with equal ease. Indeed, some areas, such as zone Ill of the 
neck (the area between the lower border of the mandible and 
the base of the skull), are not accessible to physical exami- 
nation at all and present a serious challenge to surgical access 
[81]. The decision to explore a wound by angiography or 
surgery depends on the ease and accuracy with which phys- 
ical examination can prove or refute the presence of a partic- 
ular injury. 

Anatomic and physiologic factors may influence diagnostic 
accuracy. Spasm or clot formation at a site of arterial perfo- 
ration may prevent hemorrhage for many hours, until relaxa- 
tion clot lysis permits bleeding to occur (23, 42]. Often a 
completely transected artery bieeds little, but one that is 
partially transected is splinted by its intact portion in a position 
that prevents spasm and retraction. This increases bleeding. 
Spasm of a main artery can result from a gunshot wound. 
The drop in peripheral pressure it produces is usually indistin- 
guishable on physical examination from that produced by an 
intimal flap. Attributing decreased peripheral pressure or a 
new sensory deficit to arterial spasm delays the diagnosis of 
vascular lesions requiring surgery [82]. After a gunshot or 
missile fragment wound, one should not attribute to arterial 
spasm signs and symptoms that may be due to vascular 
injury and thrombosis. The risk of avoiding wound exploration 
is delayed diagnosis and the associated increase ir 
mortality, and permanent disability. This risk of 





698 HOLLERMAN ET AL. 


es ` 
g d 
N a 


Fig. 6.—Embolization in a patient with a gunshot wound to zone Ill of neck (zone Ill is from lower mandibular edge up to and including base of skull). 

A, Selective left vertebral arteriogram shows partial disruption of arterial wall at C2 (arrow). No hemorrhage was present, but surgeon was concerned 
about possible delayed bleeding and requested embolization. 

B, Arteriogram shows left vertebral artery is occluded after embolization with one 5-mm coil (arrow). 

C, Selective right vertebral arteriogram shows retrograde flow in left vertebral artery does not descend to level of injury (arrow). Coil is hidden behind 
deformed bullet. (Reprinted with permission from Ben-Menachem et al. [83].) 


persuade the physician to explore the wound by angiography 
or surgery [79, 81, 83, 84]. 

The morbidity and complexity of surgical exploration di- 
rectly correlate with the anatomic region involved. This is 
often a reason to change the method of wound exploration, 
and often management, from operative to angiographic [76]. 
Operative removal of devitalized tissue, and sometimes fas- 
ciotomy, also may be necessary. Thus, angiographic interven- 
tion and surgical intervention are not mutually exclusive and 
are often complementary. Preoperative balloon-catheter con- 
trol of arterial hemorrhage exemplifies this [85]. 


Scenarios for Angiography of Gunshot Wounds 


Each patient must be approached in a way that accounts 
for every aspect of wounding [86]. Four basic clinical settings, 
defined by the characteristics of the injury, exist for the 
angiography of gunshot wounds. 

In symptomatic patients, angiography clearly defines the 
injury and its anatomic environment, detects asymptomatic 
accompanying injuries [87], and allows assessment of sec- 
ondary but critical effects of the injury (e.g., compartment 
syndrome). By giving the radiologist immediate access to 
transcatheter control of hemorrhage, angiography also allows 
hemodynamic stabilization before surgery. In some cases, 
angiographic findings may obviate surgery, leading to fewer 
nontherapeutic operations [78]. In other cases, angiographic 
intervention may supplant an operation that was planned 
solely for control of hemorrhage (Fig. 2) [88-90]. 

Asymptomatic patients may benefit from angiographic ex- 
ploration, sometimes with embolization (Fig. 6) [83]. This is 
especially important in anatomic regions prone to initially silent 
injuries and resistant to easy physical diagnosis or surgical 
exploration. 
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In the immediate postoperative hour, angiography is per- 
formed to ensure that nothing was missed during a difficult 
operation. Timely discovery of such an oversight may save a 
life (Fig. 7) [84]. 

During convalescence from surgery, angiography docu- 
ments operative success, provides information helpful in the 
planning of further treatment, and allows certain postoperative 
complications to be identified and treated. 


The Head 


Wherever aggressive angiography and neuroangiography 
are practiced, interventional angiographic techniques largely 
have replaced surgery in the management of vascular injuries 
of the head and face. Such injuries are usually but not 
invariably arteriovenous fistulas. Early angiographic diagnosis 
followed by embolotherapy is usually safer, easier, and less 
expensive than surgical exploration [76]. 


The Chest 


Hemodynamically unstable patients with thoracic gunshot 
wounds are usually explored and treated surgically. Stable 
patients, in whom the residual wound tract seems to be far 
enough from major vascular conduits, are normally treated by 
percutaneous thoracostomy. Angiography, and intervention 
as necessary, either by embolization (Fig. 2) or placement of 
an intraarterial or intraaortic balloon catheter, often is indi- 
cated. Intrathoracic injuries rarely are missed during surgery 
[84]; therefore, routine postoperative angiography is not in- 
dicated in chest trauma. 
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Fig. 7.—Value of thorough postoperative ex- 
ploratory angiography in patient with gunshot 
wound to abdomen causing severe trauma to 
liver. During laparotomy, no evidence of a pos- 
terior extraperitoneal injury was present except 
for a suspected left renal contusion. 

A, Postoperative elective left renal angiogram 
shows no significant injury. A midstream aorto- 
gram was not done. 

B, 6 weeks postoperatively, patient was doing 
poorly and was referred for CT to rule out in- 
traabdominal abscess. CT shows large left retro- 
renal retroperitoneal mass adjacent to aorta. In- 
homogeneous attenuation of mass suggests 
bloody contents. Boundary between mass and 
aorta is blurred. 

C and D, Posteroanterior (C) and lateral (D) 
abdominal aortograms immediately after CT 
scan show a through-and-through gunshot 
wound of abdominal aorta with posterior and left 
false aneurysms (arrowheads). 


The Abdomen and Pelvis 


Abdominopelvic gunshot wounds are often complex and 
usually involve multiple systems. A civilian shooting victim has 
an average of 3.8 intraabdominal wounds (2.3 organ and 1.5 
vascular). In many cases, the liver is involved. Mortality, at 
more than 20%, is relatively high and is usually an immediate 
or delayed outcome of uncontrolled hemorrhage [91]. Critical 
injury is more likely to be missed in this area than in any other 
area of the body [84, 92]. Surgical exploration of abdomino- 
pelvic gunshot wounds is mandatory [93]; in nonpenetrating 
abdominal gunshot wounds, laparotomy also may be neces- 
sary [94]. 

Before laparotomy, angiography is not routinely necessary 
unless specific preoperative information or intervention is 
sought by the surgeon. On the other hand, an exploratory 
angiogram is most desirable immediately at the conclusion of 
laparotomy for complex injuries (Fig. 7) [84, 92]. With the 
patient still under general anesthesia, the exploration must 
begin with a high midstream abdominal aortogram on which 
the last 10 cm of the thoracic aorta are seen clearly. The 
radiologist must firmly resist any request to limit the study to 
one selective angiogram of a specific region: the injury the 
surgeon wants studied is the one the surgeon suspected; the 





RADIOLOGY OF GUNSHOT WOUNDS 699 


D 


angiographer is looking for unsuspected injury as well (Fig. 
7). The angiographic findings determine whether the patient 
should be returned to the operating room or should be treated 
by the angiographer [89, 90]. 


The Neck and Limbs 


The evolution of physicians’ attitudes toward diagnosis and 
management of trauma is most apparent in the changing 
approach to penetrating injuries of the neck and limbs. Not 
long ago, given the relative ease of surgical access, all of 
these injuries were explored surgically. As angiography ma- 
tured and became readily available, it was recommended as 
the preferred means of initial exploration of most, if not all, 
penetrating injuries of the neck and extremities. This included 
angiography of asymptomatic patients with penetrating injury 
close to a major vessel (proximity injury). Some now deem 
this too expensive a means of screening for penetrating 
injuries of the extremities, except in shotgun wounds [65]. 
Recent opinion that asymptomatic patients may not require 
any exploration at all must be assessed carefully at each 
institution. As a starting point, it should be noted that “asymp- 
tomatic” is not defined precisely. Many vascular injuries re- 
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main asymptomatic for a long time or have a misleading 
clinical presentation [79]; compartment syndrome can, and 
usually does, develop much faster than one expects. The 
consequences of missing a vascular injury range from per- 
manent nerve damage from compartment syndrome to am- 
putation [79]. Without adequate evaluation and treatment, 
the patient shown in Figure 3 is at severe risk for development 
of compartment syndrome. 


The Neck 


Profound differences in surgical access permit discussion 
of the neck only as a complex of three zones, as defined by 
Saletta et al. [95]. Zone | includes the thoracic outlet up to 
the cricoid cartilage; zone Il, the area from the cricoid cartilage 
to the lower edge of the mandible; and zone Ill, from the lower 
mandibular edge up to and including the base of the skull. 
Zone || can be further divided into zone IIb, which includes 
the course of the vertebral artery through the foramina trans- 
versaria, where injuries are very difficult to diagnose and their 
surgical management is very difficult [83]; and zone lla, the 
remainder of zone II. Both physical diagnosis and surgical 
access are all but impossible in zone Ill, and are complicated 
in zones | and lib. It is generally agreed that the diagnosis, 
and often the management, of vascular injuries in zones |, IIb, 
and Ill is best accomplished by the angiographer (Fig. 6) [76, 
81, 83]. Many surgical explorations showing no significant 
injury are avoided [78]. Because of better accessibility, phys- 
ical diagnosis and surgery are easier in most of zone lla [96]. 
Stable patients with injuries in zone Ila and equivocal physical 
signs still merit angiography. Asymptomatic zone lla patients, 
with no physical findings of vascular injury, probably can be 
observed carefully without intervention [78, 96]. 


The Limbs 


A patient with a symptomatic gunshot wound of an extrem- 
ity does not always need preoperative angiography, but the 
benefits of better surgical planning afforded by it are clear 
[74] (Fig. 3). The benefit to the patient of treatment by the 
angiographer, when needed, is considerable [88]. 

In centers where angiography is used in all penetrating limb 
trauma, including for proximity injury in asymptomatic pa- 
tients, the cost of angiography becomes prohibitive [65, 77, 
80]. Such universal use of angiography in extremity gunshot 
wounds may be acceptable only in hospitals where surgeons 
would still routinely explore asymptomatic patients in the 
absence of an angiogram showing no significant injury. Where 
Surgeons now observe asymptomatic patients who have no 
physical findings of vascular injury, it has been shown that 
routine angiography is unnecessary [65, 77, 80, 97]. A few 
institutions subject all penetrating limb wounds to angiogra- 
phy but reduce its cost by converting it to a portable, direct- 
stick, one-film study, which is not as diagnostically accurate 
as a formal catheter arteriogram. 

A recent prospective study has shown that some arterial 
injuries that are angiographically visible but clinically occult 
resolve spontaneously and can be treated nonoperatively 
when diligent arteriographic follow-up is performed until the 
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lesion is healed [77]. Prompt surgery is performed for any 
evidence of worsening. 


Suggestions on Technique 


A detailed discussion of angiographic technique is beyond 
the scope of this article [23, 85]. Some suggestions, however, 
may be helpful: 

(1) Angiography in trauma must be done, or at least directly 
supervised, by an experienced angiographer. (2) One should 
always begin with a midstream aortogram, or, in isolated 
extremity wounds, with the least selective arteriogram (Figs. 
2 and 7). (3) One view may be enough only when it shows an 
abnormality; at least two projections are needed to refute the 
suspicion of an injury. (4) The thoracic aorta should be seen 
in two oblique views (right posterior oblique and left posterior 
oblique) rather than in anteroposterior and lateral. (5) The 
gunshot wound patient usually has high cardiac output; both 
the filming and injection rates should be raised to fit the 
patient’s hemodynamics. (6) Transarterial digital subtraction 
angiography can be used if a large enough (at least 12-in. 
[30.5 cm]) image intensifier is available, but only with the full 
cooperation of the patient or an accommodating anesthesiol- 
ogist. (7) Transvenous digital subtraction angiography is not 
recommended in trauma. 


Angiographic Hemostasis 


The purpose of embolization is to slow the bleeding to a 
rate that permits clot formation, not to create total devascu- 
larization; use embolic agents that allow this to be done safely. 
A patient in shock is not a good subject on whom to try new 
materials. If embolization cannot be performed safely, effec- 
tively, and rapidly, the patient should be returned to the 
Surgeon. 


Conclusions 


A knowledge of wound ballistics and the radiology of gun- 
shot wounds is a great aid in caring for injured patients. The 
site where the bullet entered is obvious from inspection of the 
wound. The role of the radiologist is to determine what path 
the missile followed in the body, what secondary missiles 
were created, what organs were injured, and what body 
compartments were violated. If the peritoneal cavity was 
entered by the missile, a laparotomy is required. Visualization 
of bullet fragmentation or deformation aids in assessment of 
wound severity. Measurement of bullet caliber on a radio- 
graph may be erroneous because of magnification and defor- 
mation. 

A well-trained surgeon who knows nothing of wound ballis- 
tics (but realizes that penetrating projectiles are not sterile 
and carry bacteria into the wound) most likely will treat 
gunshot wounds quite well. He or she will base treatment on 
objective data from physical examination and appropriate 
radiologic studies. One who believes the recommendations 
to widely excise tissue from all sides of any wound path 
supposed to have been caused by a high-velocity projectile 
is likely to do more harm than was done by the bullet [66]. 
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The dictum “treat the wound, not the weapon” should be 
observed closely in the treatment of gunshot trauma [98]. 

Angiographic and surgical wound exploration are often 
complementary. In addition to the traditional role of diagnosis, 
hemostasis achieved angiographically is an example of the 
radiologist’s participation in the treatment of the wounded 
patient. 
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Diagnostic Imaging in Infant Abuse 


Paul K. Kleinman’ 


in 1962, C. Henry Kempe et al. [1] described the battered 
child syndrome, a condition in which young children receive 
serious physical abuse commonly resulting in permanent neu- 
rologic injury or death. Their findings were based on clinical 
material in conjunction with the reports in the literature dating 
back to the historic article of John Caffey in 1946 [2]. This 
concept has been broadened to include a variety of forms of 
physical, sexual, and psychological abuse as well as various 
patterns of neglect. The tendency has been to group all forms 
of physical abuse from infancy through childhood under a 
single concept of inflicted injury. Identifying the etiologic fac- 
tors shared by the various forms of abuse and neglect has 
been useful in the study of these widespread expressions of 
domestic violence. 

Although much ties the various forms of maltreatment 
together, careful analysis of the subject indicates that the 
common pattern of inflicted injury to young infants is suffi- 
ciently characteristic to justify distinction as a particular form 
of child abuse. in their landmark article, Kempe et al. [1] 
stressed that the classic radiologic features of the battered 
child syndrome were usually found in very young children. All 
but one of the original patients with subdural hematoma and 
long bone injuries reported by Caffey [2] were less than 1 
year old. Certain patterns of axial and appendicular skeletal 
injury are usually found in infants less than 1 year old, and 
their production can be viewed as a consequence of specific 
patterns of manual assault as well as the unique structural 
characteristics of the young infant skeleton [1, 3-20). 

It has long been appreciated that an important etiologic 
factor in the abuse of young infants is a poor tolerance of 
stress by those with an abusive personality. Most abusers 


Received March 12, 1990; accepted after revision April 25, 1990. 


exhibit stress-related symptoms such as depression and only 
occasionally manifest psychotic or sociopathic behavior [21~ 
25]. Caffey [26] was sufficiently impressed by this factor to 
coin the term parent-infant traumatic stress syndrome to 
describe the characteristic injuries present in abused infants. 
It is not entirely clear why this label has not been accepted, 
but a prime reason probably is the designation of a parent as 
the abuser. Any caretaker, including siblings, may, with suffi- 
cient stress, exhibit abusive behavior. These assaults tend to 
be manifested by violent shaking, and the occurrence of 
certain abuse-specific injuries in shaken infants is well appre- 
ciated [27-43]. Thus, the shaken infant provides an excellent 
model from which to develop the radiologic and pathologic 
spectrum of stress-related infant abuse. 

This review presents the clinical features and the radiologic 
and pathologic alterations in the skeleton and CNS of young 
abused infants. Although visceral injury is seen at autopsy of 
young infants, it is rarely documented radiologically in living 
victims less than 1 year of age [7], and thus will not be 
included in this review. 


The Shaken infant 


in the early 1970s, Caffey (29, 30] popularized his views of 
this particular form of abuse. Noninvasive imaging of the CNS 
with CT and MR and radiologic and histologic studies of the 
osseous lesions have allowed the various injuries attributable 
to infant shaking to be catalogued [31-51]. Despite enhanced 
capabilities to identify these injuries, fundamental difficulties 
persist in translating findings in individual cases into a diag- 
nosis of the shaken infant syndrome with a high level of 
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certainty. The crux of this problem relates to the notion of a 
syndrome in which the causative event (i.e., violent shaking) 
is inferred from a constellation of clinical, radiologic, and 
pathologic findings, usually in the absence of an admission of 
violent shaking. The literature provides compelling support for 
a major role of shaking in both the CNS as well as skeletal 
lesions of abused infants. However, it is clear that many 
infants suffer similar injury by directly applied forces that may 
not be overtly manifest on clinical examination. Many infants 
who are shaken are also victims of more direct forms of 
physical violence [52]. Failure to recognize this fact has led 
to difficulty in establishing a diagnosis of child abuse that is 
based purely on a mechanism of shaking. 

In cases of infant abuse with an actual history of shaking 
the average age of the infant is 6 months. Although older 
infants and children may be shaken, the characteristic physical 
alterations are rare in children more than 1 year old [28, 31, 
35, 37-41, 43, 44, 50, 53-60]. Five cases of infant abuse 
seen at the University of Massachusetts with admissions of 
shaking by assailants have provided remarkably similar pat- 
terns producing an injury (Fig. 1) [7, 61]. The infant is held by 
the thorax, facing the assailant, and is shaken to and fro. The 
head rotates in a series of oscillations moving mainly in the 
anteroposterior plane. The thorax is compressed, and the 
arms and legs move about with a whiplash action. At the 
completion of the assault, the infant is usually limp with no or 
shallow respirations. During the assault, the head may strike 


Fig. 1.—Drawing of pattern of infant shaking is based on characteristics 
and distribution of injuries and descriptions by assailants. 
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a solid object [41]. After the shaking, the infant may be 
dropped, thrown, or slammed onto a solid surface. These 
later events likely explain the many cases of associated blunt 
injury, including skull fractures, in shaken infants. It must be 
emphasized that although blunt injury frequently is seen at 
autopsy in shaken infants, fatalities do occur purely from 
violent shaking [50]. 

As shaking is generally a response to crying, previous 
illness with irritability may enhance the likelihood of an infant 
being shaken. Many shaken infants have evidence of previous 
trauma [62], and it also is likely that previous CNS and skeletal 
injuries contribute to the irritability that may precipitate re- 
peated assaults. Crying recently has come under increasing 
scrutiny as a stimulus for abusive activity [63]. As most child 
abusers are persons poorly equipped to deal with stress, the 
occurrence of infant abuse is a product of a delicate balance 
between the severity of the stimulus of crying and the thresh- 
old for violent action by potential abusers. The effects of 
drugs, alcohol, and environmental conditions may potentiate 
this interaction. 

Most symptomatic shaken infants have CNS findings of 
seizures, lethargy, or coma. Many are resuscitated at home 
or en route to the hospital, arriving in a moribund state with 
a tense fontanelle. A small group of patients have milder 
changes in consciousness or a history of choking, vomiting, 
or poor feeding. Although gross evidence of trauma is usually 
absent, careful inspection may show sites of bruising. Smith 
and Hanson [64] found finger-mark bruising on the trunks 
and arms of several shaken infants. 

Nearly all cases of infant abuse in which shaking is docu- 
mented have retinal hemorrhage [39, 50, 54, 59, 60, 65-71]. 
Pathologically, bleeding may be subretinal, retinal, preretinal, 
into the vitreous, and along the optic nerves. Retinal folding, 
laceration, and detachment may be present. Pathologic stud- 
ies may show chronic in addition to acute hemorrhage. Retinal 
hemorrhages can occur with a variety of causes of sudden 
increased intracranial pressure, but are uncommon in patients 
with accidental blunt injury [72]. Retinal hemorrhages may be 
associated with an acute subdural hematoma and may be 
influenced by sudden increases in intravascular pressure with 
shaking and thoracic compression [73-75]. They may pre- 
cede CT evidence of intracranial bleeding [60]. Retinal hem- 
orrhages commonly are overlooked on a cursory physical 
examination. They are most likely to be identified if they are 
carefully sought out by experienced examiners [72]. Retinal 
hemorrhages are common in neonates, so the high specificity 
of this sign for abuse is applicable only beyond the immediate 
neonatal period [76]. 


Skeletal Injury 


Caffey [6] coined the terms “bucket-handle” and “corner” 
fractures to describe these peculiar and often subtle skeletal 
findings noted in young infants (Figs. 2 and 3). Although 
metaphyseal fractures can involve all the major long bones, 
they are most common in the tibia, distal femora, and proximal 
humeri; they are frequently bilateral. Caffey viewed these 
injuries as consequences of indirectly applied forces rather 
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Fig. 2.—Fresh metaphyseal injury in 4-month- 
old fatally abused infant with multiple posterior rib 
and metaphyseal fractures. 

A, Radiograph of distal tibia specimen shows 
corner fracture pattern (arrow). 

B, Low-power photomicrograph shows trans- 
verse fracture through medullary primary spon- 
giosa. Centrally, fracture occurs near chondroos- 
seous junction. Fracture verges toward diaphysis 
peripherally, undermining larger “corner” meta- 
physeal fragment (arrows). High-power images 
showed hemorrhage without healing. 


A 


Fig. 3.—Healing metaphyseal injury. 
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A, Antemortem radiograph of tibia of 3-month-old infant shows apparent crescentic peripheral fragment of bone paralleling metaphyseal margin 


(arrows). 


B, Photomicrograph through deep medullary part of bone shows transver 
manifested by granulation tissue and resorption of injured trabeculae near cho 
C, Primary spongiosa of normal infant. Regular parallel columns of trabe 


(Reprinted from Kleinman et al. [16].) 


than direct blows, a concept that has gained full acceptance. 
He viewed these fracture fragments as “small chunks” of 
bone avulsed at the sites of periosteal attachment. More 
recent studies [16] indicate these fractures are more exten- 
sive histologically than is apparent on radiologic grounds. 
Typically, the lesions represent a series of microfractures in 
a roughly planar fashion through the most immature portion 
of metaphyseal primary spongiosa (Figs. 2 and 3). Lesions 
are thus principally osseous, although on occasion the frac- 
ture line may extend into the cartilage of the growth plate. 
The radiologic appearance will vary with the orientation of 
the X-ray beam, and what may be seen as a bucket-handle 
fracture on one view may be evident as a corner fracture on 
another. When extensive, the fracture line may result in an 


se fracture through primary spongiosa (arrows). Evidence of healing is 
ndroosseous junction. 
culae are seen in region corresponding to site of fracture in B (arrows). 


entire disk of metaphyseal bone. Limited fractures may isolate 
small peripheral segments of metaphysis. Periosteal reaction 
is usually absent, and it is exceedingly difficult to date these 
fractures on radiologic grounds. However, recent studies 
(Kleinman PK et al., presented at the annual meeting of the 
Society of Pediatric Radiology, April 1990) Suggest that there 
are radiologic correlates of pathologic indicators of healing. 
The fractures are often subtle, and the likelihood of detection 
is directly related to the quality of the radiologic studies. It is 
primarily for this reason that skeletal surveys in cases of 
suspected infant abuse must be performed with utmost at- 
tention to the quality of the radiographs (Fig. 4) [7] (Belanger 
PL et al., presented at the annual meeting of the Association 
of University Radiologists, May 1989). 
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A B 


Fig. 4.—Influence of technical factors on visualization of metaphyseal injury. 
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C 


A, Standard-quality radiograph of lower extremities in 3-month-old abused infant. No definite injuries are noted apart from periosteal new bone along 


left tibial shaft, swelling, and loss of muscle fat interface on right. 


B, Frontal radiograph of left ankle on detail film shows bucket-handle fracture (arrows). 

C, Lateral radiograph confirms distal tibial metaphyseal fracture, which manifests as a corner fracture appearance on lateral view (large arrows). 
Additionally, a fibular metaphyseal injury is evident (small arrow). Radiographs of knees and right ankle revealed two metaphyseal fractures also. These 
four fractures, which constitute the diagnosis of abuse, are not discernible in A. 


Although shaft fractures are the most common skeletal 
injuries in abused children as a group [13], metaphyseal 
injuries are substantially more common fractures in young 
infants. In eight fatally abused infants, we found 13 meta- 
physeal injuries, in contrast to one shaft fracture [61]. Similar 
injuries have been described in infants born after difficult 
extractions [77, 78], and it is clear that the classic metaphys- 
eal lesions occur with indirectly applied sheering forces during 
shaking or as the infant’s extremity is forcefully pulled or 
twisted. In biomechanical terms, these stresses result in a 
failure of the immature metaphyseal primary spongiosa, rather 
than the cartilaginous zones of the growth plate commonly 
seen in the older child [79]. Shaft fractures are particularly 
common in the older infant and require either direct injury or 
torsional forces manually applied to the extremity. In the latter 
instance, a spiral fracture typically results. 

Rib fractures pose difficulties similar to those of metaphys- 
eal injuries in that they are easily overlooked on radiographs. 
Although rib fractures can occur at any site, they are most 
common near the costovertebral junction (Fig. 5) [9, 13, 16, 
19, 20, 80, 81]. The radiologic and pathologic features of 
these posteromedial fractures are similar in most cases, and 
the morphology provides a strong rationale for thoracic 
compression rather than a direct blow as the mechanism of 
injury. The fractures occur along the ventral aspect of the rib 
near the costotransverse process articulation and are con- 
sistent with abnormal levering of the rib over the transverse 
process. Fractures are usually multiple, involving adjacent 
ribs above and below as well as contralaterally. These frac- 
tures usually are not evident on radiographs in the acute 
stage, as little displacement occurs. The fracture lines gen- 
erally occur at obliquities to the radiographic projection, and 
are often obscured by the superimposed soft tissues and 
vertebral transverse processes. They are identified in the 
healing stage as a result of associated callus. 

Radionuclide studies have greater sensitivity in document- 


ing these lesions, particularly in the acute stage [82]. The 
characteristic features of these fractures provide them with a 
high specificity for abuse and point strongly to manual 
compression, which may be delivered during violent shaking. 
Manual compression also explains lateral and costochondral 
fractures in most infants, but direct impact by a blow or from 
being thrown also may be implicated. 

A variety of other distinctive injuries have been noted in 
cases of infant abuse, including fractures of the sternum, 
vertebral spinous processes, and the acromion process of 
the scapula (Fig. 6) [7, 8, 10, 12, 14, 15]. The rarity of these 
abnormalities in other conditions affords them a high specific- 
ity for abuse. Other osseous injuries occur with variable 
frequencies in infant abuse, and have lower degrees of spec- 
ificity (Table 1). 


CNS Injuries 


As morbidity and mortality relate principally to CNS injury, 
the focus has been and should continue to be on the CNS 
components of infant abuse. 

Intracranial injury occurs in infant abuse as a result of 
severe angular acceleration and deceleration with shaking or 
by direct impact. The biomechanical factors have been stud- 
ied in nonhuman primates, and the results have shown that 
acceleration and deceleration in a single plane without direct 
impact usually will not produce significant cerebral injury. 
However, rotational coupled with anteroposterior displace- 
ment on the cervical spine will produce cerebral injuries 
identical to those encountered in humans [83, 84]. It is difficult 
to transfer the values of tolerances in nonhuman primates to 
humans in general and to young infants in particular. The 
infant brain is poorly myelinated and is surrounded by larger 
subarachnoid spaces than the brain in older children and 
adults [85]. Studies that evaluate the susceptibility of the 
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A 


Fig. 5.—Posterior rib fracture. 
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A, Antemortem radiograph of 2-month-old fatally abused infant reveals healing fracture of third posterior rib (arrows). 
B, Axial histologic section shows healing fracture (curved arrows) between costotransverse (Open arrow) and costovertebral (straight solid arrow) 


articulations. V = vertebra. (Reprinted with permission from Kleinman [7].) 


A 


Fig. 6.—Acromion fractures in twins. 





A, Right shoulder of 5-month-old infant shows healing fracture of acromion process (arrows). 
B, Left shoulder of twin of infant in A shows fracture of acromion (straight arrows) and fracture of glenoid (curved arrows). (Courtesy of J. R. Marquis.) 


infant brain to rotational acceleration and deceleration on the 
basis of data from adults, not to mention mature nonhuman 
primates [52], have received well-justified criticism [86]. 
Subdural hematomas arise from disruption of delicate bridg- 
ing veins extending from the cortex to the dural sinuses (Figs. 
7-9). As the relatively compressible infant brain moves within 
a capacious cranial vault, excessive stretch is applied to these 
veins, resulting in rupture and bleeding. Although bleeding 
can occur at any site, the tendency is for blood to extend into 
the posterior interhemispheric fissure (Figs. 7 and 8). Collec- 


tions in this region will be shown readily on CT, a technique 
that is less sensitive in defining small-convexity subdural 
collections [42] (Deveikis JP et al., presented at the annual 
meeting of the Canadian Association of Radiologists, June 
1988). The influence of increased venous pressure during 
thoracic compression and crying may further predispose to 
venous injury. Although the interhemispheric subdural hema- 
toma is not pathognomonic of abuse [69], its presence should 
raise strong concerns. Zimmerman et al. [34] found evidence 
of retinal hemorrhage in 80% of patients with an interhemi- 
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spheric subdural hematoma. They also found that 67% of 
patients with an interhemispheric subdural hematoma had a 
history of being shaken. 

CT has had a dramatic impact on the recognized prevalence 
of infant abuse because of its ability to identify small subdural 
collections. Enhanced detection provided by CT has allowed 
diagnosis of abuse, particularly in cases in which injury has 
not been an initial consideration. The radiologist now is often 
the first to suggest the diagnosis on the basis of CT studies 
performed to evaluate for seizures, lethargy, or “soft” neuro- 
logic findings. 


TABLE 1: Specificity of Radiologic Findings for Infant Abuse 
ee ena 
Specificity/Finding 
High 

Metaphyseal lesions 

Posterior rib fractures 

Scapular fractures 

Spinous process fractures 

Sternal fractures 
Moderate 

Multiple fractures, especially bilateral 

Fractures of different ages 

Epiphyseal separations 

Vertebral body fractures and subluxations 

Digital fractures 

Complex skull fracture 
Low (but common) 

Clavicular fractures 

Long bone shaft fractures 

Linear skull fractures 


(wee Se See ee a tates Soe a A ene SS SSS 

Note.—Moderate and low specificity of lesions becomes high when history 
of trauma is absent or inconsistent with injuries. (Reprinted with permission 
from Kleinman [7].) 
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With the exception of acute subarachnoid hemorrhage, the 
intracranial injuries found in young abused infants are depicted 
more accurately with MR than with CT (Figs. 7 and 8) [44, 
46-49, 87]. Once MR becomes readily available to ill infants, 
enhanced detection can be expected. CT will continue to play 
an important role in the initial diagnosis of life-threatening 
CNS injury. 

Brain swelling accounts for death in most infant abuse 
fatalities. Both direct and indirect factors may contribute to 
cerebral edema. Cerebral contusion and shearing injuries will 
be accompanied by varied degrees of edema, and specifically 
by axonal swelling (Fig. 10) [42, 88, 89]. More generalized 
effects on vascular permeability and autoregulation are addi- 
tional factors contributing to brain swelling. Occasionally, 
edema may be focal; however, it is usually widespread in one 
or both hemispheres. Edema may conform to a vascular 
territory [7], and this vascular distribution also has been 
described in cases attributed to a combination of strangulation 
and shaking [45]. 

Recent studies suggest a role of spinal cord injury in 
fatalities associated with shaking. Hadley et al. [50] found 
sub- or epidural hematoma in conjunction with contusion at 
the cervicomedullary junction in five of six infants who died 
with features of the shaken infant syndrome. There was no 
evidence of associated blunt injury. 

A final consideration that has not been explored but is 
important relates to the hypoxic injury that may occur in 
infants who become apneic after a traumatic event. The 
experience at the University of Massachusetts indicates that 
most fatalities are accompanied only by a hypoxic injury 
without associated focal parenchymal lesions. Histologic char- 
acterization frequently is hindered by the effects of prolonged 
ventilatory support in dying infants. Despite superb neuroim- 





Fig. 7.—Intracranial injury in 2-week-old neonate with acute onset of seizure activity. 
A, CT scan shows interhemispheric subdural hematoma between occipital lobes (long arrows) and extraaxial blood (short arrows) in frontotemporal 


area, extending into sylvian fissure. 


B, Axial MR image, 600/200 (TR/TE), shows blood in sylvian fissure and adjacent cortex as well as interhemispheric extension of subdural hematoma 


(arrow). 


C, Right parasaggital MR image (500/20) shows high-signal subtemporal subdural collection (open arrows). Gyriform high signal in frontoparietal 


operculum is consistent with hemorrhagic cerebral contusion (solid arrows). 
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D 


Fig. 8.—Intracranial injury in 3-month-old infant with seizures. 








E 


A-F, CT scans (A-C) and MR images, 500/20 (TR/TE) (D-F), show that extent of subdural blood (arrows) is seen better with MR. 


aging techniques, normal CT findings are seen in some pa- 
tients early in their course [38]. We have encountered infants 
dying with classic skeletal findings of abuse who did not have 
extraaxial blood or gross cerebral edema. There is no doubt 
that some infants suffer a catastrophic cerebral insult by 
shaking and/or blunt injury and become apneic, dying without 
gross CNS injury. Even when associated skeletal injury is 
present and careful neuropathologic studies are done, it may 
be impossible to characterize these deaths as homicides. The 
burden in such cases will rest heavily on the police investi- 
gation and sophistication of prosecutors. 


Imaging Recommendations 


All infants with suspected abuse should undergo a radio- 
logic skeletal survey. This should be performed with high- 


detail systems and meticulous attention to technique. We 
currently use a single-emulsion film, single rare-earth screen, 
and carbon-fiber cassette for maximal spatial and contrast 
resolution at a relatively low dose (Belanger PL et al., pre- 
sented at the annual meeting of the Association of University 
Radiologists, May 1989). Images coned tightly to each ana- 
tomic region of the entire skeleton as outlined in Table 2 are 
obtained in all living and deceased infants with Suspected 
abuse. Repeat skeletal imaging in 7-10 days may provide 
evidence of a healing injury that was inapparent on initial 
Studies. 

Skeletal scintigraphy has been advocated as a primary 
screening tool in suspected abuse, and in the older infant and 
child poses a practical alternative to radiographs [7]. How- 
ever, there are no scientifically controlled studies that dem- 
onstrate the superiority of scintigraphy in identifying the met- 
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Fig. 9.—Subacute subdural hematoma. Axial MR im- 
age, 2500/30 (TR/TE), of abused infant shows large bilat- 
eral high-signal-intensity collections consistent with sub- 
acute subdural hematoma. (Courtesy of Nancy Genieser.) 


TABLE 2: The Skeletal Survey in Suspected Infant Abuse 
cer de eae eR SSE PE ES EES SES SS 


Study 


Anteroposterior supine chest® 
Lateral chest®” 
Anteroposterior humeri 
Anteroposterior forearms 
Posteroanterior hands 
Anteroposterior pelvis 
Lateral lumbar spine” 
Anteroposterior femora 
Anteroposterior tibiae 
Anteroposterior feet 
Anteroposterior skull 
Lateral skull 


|e Ba SS 5 ee EE oe es SS SS 
Note.—All positive sites should be viewed in at least two projections. 
(Reprinted with permission from Kleinman [7].) 
* Bone technique. 
In infants. 





aphyseal and other highly specific skeletal lesions occurring 
in infants under 1 year of age. Without such data, the use of 
scintigraphy as a primary screening tool in young infants 
should be exercised with caution. Bone scanning should play 
an important supplemental role to radiologic skeletal surveys 
in young infants [7]. 

All infants with neurologic findings should undergo cranial 
CT. This will be sufficient to define any surgically correctable 
condition. Most patients should undergo MR eventually to 
define fully the extent of the injury and to determine prognosis, 
as well as provide evidence for care and protection and 
criminal proceedings. Abdominal injuries are uncommon in 
young abused infants, and imaging studies should be tailored 
to the specific clinical concern. 


Fig. 10.—“Pure” shaking injury in 5-month-old infant who died from CNS injury and had 
well-documented history of shaking. At autopsy, careful inspection of scalp showed no blunt 
injury. 

A, CT scan reveals subdural (open arrows) and intraventricular (solid arrow) blood. 

B, Histologic section reveals diffuse axonal swelling in cerebral white matter (arrows). 


Prognosis 


As with other statistical analyses of young abused infants 
based on small and varied study groups, it is difficult to draw 
any precise conclusions about prognosis. However, it is evi- 
dent that infant abuse carries a significant morbidity and 
mortality. Patients manifesting abnormalities on CT are at 
high risk for neurologic residua. Zimmerman et al. [34] found 
a 100% prevalence of cerebral atrophy and a 50% prevalence 
of cerebral infarction in patients with acute interhemispheric 
subdural hematoma. Most reported cases with follow-up have 
significant neurologic deficits [40, 45, 52, 54, 62, 90). 

The question that cannot be answered is, What are the 
consequences to an infant who has suffered head injury on 
one or more occasions and is not brought for medical atten- 
tion, or whose CT and MR studies are normal? Well before 
the advent of cross-sectional imaging of the brain, Caffey [26] 
speculated that in many victims of stress-related abuse who 
manifested little evidence of acute injury, permanent brain 
dysfunction and mental retardation eventually would develop. 
Given the dramatic improvements in diagnostic imaging since 
the original observations of Caffey, longitudinal studies are 
now possible and should elucidate the long-term conse- 
quences of CNS injuries occurring in young abused infants. 
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Transitional Cell Carcinoma of the Pelvicalices and Ureter 


Richard A. Leder‘ and N. Reed Dunnick 


Transitional cell carcinoma accounts for about 90% of all can- 
cers of the renal pelvis and more than 90% of all cancers of the 
ureter. Its clinical presentation is nonspecific. Radiology plays a 
critical role in detection, evaluation, and disease monitoring. We 
reviewed the pathologic and clinical features of transitional cell 
carcinoma of the upper urinary tract, with attention to its radio- 
logic appearance, staging, and treatment. 


Primary tumors of the renal pelvis and collecting system 
are relatively uncommon. They are less common than renal 
adenocarcinomas by a ratio of 1:4 to 1:5. They are two to 
three times more common than ureteral neoplasms. Bladder 
carcinomas are 50 times more common than renal pelvic 
tumors, reflecting the larger surface area of the bladder 
mucosa. Transitional cell carcinoma accounts for approxi- 
mately 90% of all cancers of the renal pelvis and over 90% 
of all cancers of the ureter [1]. The clinical presentation of 
transitional cell carcinoma of the pelvicaliceal system and 
ureter is nonspecific. The radiologic evaluation is critical for 
both initial detection and subsequent evaluation and disease 
monitoring. The pathologic and clinical features of transitional 
cell carcinoma of the upper urinary tract are reviewed, with 
attention to its radiologic appearance, staging, and treatment. 
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Peivicaliceal Transitional Cell Carcinoma 
Pathology 


Transitional cell mucosa can differentiate into either sgua- 
mous or glandular tissue. Eighty-five percent to 95% of uro- 
epithelial carcinomas are transitional cell tumors, approxi- 
mately 10% are squamous cell carcinomas, and less than 1% 
are adenocarcinomas. Of the transitional cell carcinomas, 
85% or more are papillary; the rest are nonpapillary. 

Grabstald et al. [2] divide the renal pelvic tumors into four 
groups on the basis of histologic stage and degree of invasion. 
Group | tumors are histologically benign papillomas. They are 
composed of delicate fronds, each with a central fibrovascular 
core and usually five to 10 cell layers of epithelium. The 
individual epithelial cells are cytologically benign. These cells 
closely resemble normal epithelial cells except for a spindling 
tendency. Group Il tumors are noninvasive or focally invasive 
papillary carcinomas. Group Ill tumors are fully invasive, but 
confined to the kidney. Invasion outside the kidney or renal 
pelvis constitutes a group IV tumor. Each group is further 
subciassified into those without (A) and those with (B) other 
tumors in the bladder and/or ureter. Modifications to this 
Staging system have been made that are analogous to the 
Jewett-Marshall-Strong system for bladder cancer. Higher 
Stage reflects greater depth of tumor invasion [1]. 


' Both authors: Department of Radiology, Box 3808, Duke University Medical Center, Durham, NC 27710. Address reprint requests to R, A. Leder, 
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Papillary transitional cell carcinomas are exophytic polypoid 
lesions that are attached by a stalk to the mucosa. The 
papillary type of carcinoma tends to be a low-grade malignant 
lesion that is slow to infiltrate, is late to metastasize, and 
follows a relatively benign course. Nonpapillary carcinomas 
present as nodular or flat tumors. The noninfiltrating, non- 
papillary tumors may show only slight thickening of the renal 
pelvis. Nonpapillary tumors do not produce well-defined filling 
defects. They are typically high-grade malignant tumors and 
are infiltrative [1-3]. 

Histologic grading of transitional cell neoplasms is based 
on the degree of cellular anaplasia. Grade | tumor cells display 
some anaplasia but are well differentiated and closely resem- 
ble normal epithelial tissue. Grade II cells are still recognizable 
as being of transitional origin, however, the number of cell 
layers is increased, as are the number of mitoses. Tumor cells 
of grade Ill are barely recognizable as being of transitional 
origin, and there are exaggerated layers of cells and more 
frequent mitoses. The cells are disarrayed, and superficial cell 
layers are loosened and fragmented [4]. 


Etiology 


A number of chemical agents may play an important role in 
the development of urothelial neoplasms. Occupational ex- 
posure to beta-naphthylamine, 4-aminobiphenyl, 4-nitrobi- 
phenyl, or 4,4-diaminobiphenyl is carcinogenic. These com- 
pounds are used in the synthesis of azo dyes and pigments 
used in the textile, printing, and plastic industries. N-hydrox- 
ylation produces even more carcinogenic compounds. Blad- 
der tumors are more common than upper tract transitional 
cell carcinomas because of the time required for hydrolyzing 
enzymes to become activated. Stasis in the upper tracts may 
provide increased exposure time and therefore upper tract 
tumors [5]. For example, renal pelvic tumors occur in horse- 
shoe kidneys at least three times as often as in nonfused 
kidneys. The urine stasis present in the horseshoe kidney 
prolongs the contact of carcinogens with the collecting sys- 
tem. In addition, calculi in horseshoe kidneys have been 
reported in 21-60% of cases, and an association may exist 
between hydronephrosis, renal calculi, renal infection, and 
renal pelvic tumors [6, 7]. No clear interrelationship has been 
established between these factors, although it could be pos- 
tulated that metaplasia as a response to inflammation or 
calculi may then progress to carcinoma [3]. 

Other chemical agents have been associated with urothelial 
malignant neoplasms. Cyclophosphamide is a biologically in- 
active nitrogen mustard that is metabolized by liver micro- 
somes to several biproducts, at least two of which are cyto- 
toxic. The upper tract urothelial malignant tumors associated 
with cyclophosphamide therapy are high-grade and extremely 
aggressive. It is unclear whether these tumors are due to the 
immunosuppressive character of cyclophosphamide or to in- 
herent carcinogenic properties. Additional urologic effects of 
cyclophosphamide include hemorrhagic cystitis and bladder 
fibrosis with contracture [8, 9]. 

Thorotrast, a 25% colloidal thorium dioxide suspension, 
also has been associated with transitional cell carcinoma. The 
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compound can spread subepithelially because of pyelointer- 
stitial backflow during retrograde pyelography. This results in 
permanent retention in the wall of the renal pelvis and in the 
renal sinus surrounding fornices and intrarenal vessels. The 
frequency of tumor induction after Thorotrast retrograde pye- 
lography is 50%, with a latent period ranging from 21 to 35 
years [10]. 

Numerous reports have described the association of highly 
invasive transitional cell carcinomas and phenacetin abuse. 
Phenacetin is an aniline derivative and its major metabolite, 
N-acetyl-para-aminophenol, is excreted in the urine [11]. The 
vast majority of these neoplasms have been in the renal pelvis 
[12]. Patients with analgesic nephropathy have widespread 
urothelial dysplasia, which predisposes to neoplasia [13]. 

Ureteral pseudodiverticulosis is associated with epithelial 
carcinoma of the urinary tract. Although this may be coinci- 
dental, it suggests that patients with ureteral pseudodiverti- 
culosis are predisposed to the development of malignant 
epithelial tumors. It is unlikely that pseudodiverticula are pre- 
malignant by themselves. The presence of pseudodiverticula 
may increase the susceptibility of the ureteral mucosa to 
carcinogenesis, perhaps by serving as multiple small pools of 
stagnant urine [14]. 

Transitional cell carcinoma is more prevalent in patients 
from the Balkan states (Yugoslavia, Greece, Rumania, Bul- 
garia). In these areas, an endemic nephropathy develops 
slowly (approximately 20 years) and there is no acute phase. 
in the later phases of the disease, renal failure develops and 
is accompanied by high urine output. The cause of this form 
of the disease is obscure, although it may be related to 
drinking water. It is part of a degenerative interstitial disease. 
The renal pelvic and ureteral tumors that develop are usually 
of low grade, and of relatively slow evolution. Bilateral tumors 
are found in 10%, and multiplicity is common [15]. 


Clinical Findings 


The average age at diagnosis of patients with transitional 
cell carcinoma is 65 years; approximately 70% of patients are 
more than 60 years old at presentation (range, 32-88 years). 
Males predominate by a ratio of 4:1 [16]. Gross or microscopic 
hematuria is the most common symptom in patients with 
renal pelvic or ureteral tumors. It is present in more than 75% 
of patients. Flank pain, precipitated by ureteral or ureteropel- 
vic junction obstruction caused by a tumor mass, occurs in 
approximately one fourth of patients. Approximately 10% of 
patients have lost weight and less than 5% have other symp- 
toms. A tumor will be discovered incidentally in less than 5% 
of patients [17]. 


Urine Cytology 


Urine cytology can be used in the diagnosis of transitional 
cell carcinomas, although the technique is inaccurate and has 
a high false-negative rate. Nocks et al. [18] reported positive 
findings on urine cytology in no patients with grade | tumors, 
29% with grade Il tumors, and 79% with grade Ill tumors. 
Positive urine cytology was found in 14% of patients with 
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lesions confined to the renal pelvis, mucosa, or submucosa 
(stage A); 33% with tumor extending into the renal paren- 
chyma or invading the renal pelvis wall but still confined to 
the kidney (stage B); 80% with tumor penetrating into the 
peripelvic or perirenal fat (stage C); and 89% with metastatic 
tumor (stage D). Cytologic samples obtained by barbotage 
(repeated washings) provide a more reliable sampling of the 
upper tract when neoplasia is present. In these instances, the 
accuracy of cytologic diagnosis increases from 35% to 60% 
with voided urine, from 60% to 70% with urine collected 
Passively by catheter, and from 80% to 90% with lavaged 
samples [19]. 

An improved technique in the diagnosis of upper urinary 
tract transitional cell carcinomas is fluoroscopically guided 
retrograde brush biopsy. Appropriate catheter placement is 
confirmed by injecting a small amount of contrast material, 
and the area of abnormality is brushed vigorously. Maximal 
sensitivity of the procedure is achieved by using fluoroscopic 
guidance and dilute contrast material. Water-soluble contrast 
material may cause changes in the cellular structure of the 
epithelium on routine cytologic techniques. This appears to 
be concentration dependent and is probably related to the 
hypertonic nature of the contrast media. Because of the 
possibility of cellular distortion, the contrast material should 
be washed away with saline. Alternatively, low-osmolar, non- 
ionic contrast material or dilute standard 60% diatrizoate may 
be used. Contact smears on glass slides are made immedi- 
ately after withdrawal of the brush guidewire, placed in 95% 
ethyl alcohol, and sent for subsequent Papanicolaou staining. 
Brush tips are cut off and sent in carboxymethylcellulose 
fixative solution for cell-block analysis. A recently reported 
schema grading cells from grade | (normal transitional epithe- 
lium) to grade V (conclusive evidence of malignancy) showed 
a brush biopsy diagnosis of atypical cells to be strongly 
Suggestive of malignancy (75% positive predictive value) 
[20]. 


A B 


Fig. 1.—Low-grade, low-stage transitional cell carcinoma of left renal pelvis. 
A, Excretory urogram shows small, smooth filling defect in renal pelvis (arrowhead). 


B, CT scan shows intrapelvic soft-tissue mass (arrow). 
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Although retrograde brush biopsy has a high diagnostic 
accuracy compared with urine cytology, it is not without risk. 
This consists mainly of flank pain, infection, and gross he- 
maturia. Mechanical trauma has been reported as a cause of 
spread of a ureteral transitional cell tumor. However, this is 
unusual and seldom pertinent because therapy usually in- 
cludes nephroureterectomy [21]. 

When cytology or brush biopsy is inconclusive, uretero- 
scopic techniques are available to the urologist. Under anes- 
thesia, the ureteral ostium is dilated and a 12-French, 50-cm- 
long ureterorenoscope is inserted. Five-French biopsy forceps 
and an electroresectoscope can be inserted. This technique 
allows the unequivocal diagnosis of urothelial carcinoma en- 
doscopically with the ability to obtain biopsy specimens [22]. 


Plain Films 


Plain abdominal radiographs are seldom useful in making 
the diagnosis of transitional cell carcinoma. Rarely, a renal 
mass may be detected. Renal calculi or tumoral calcification 
can be present, although it is uncommon. The prevalence of 
calcification in transitional cell tumor ranges from less than 
1% to approximately 7% [23]. Detection of calcification is 
improved greatly on CT examination. 


Excretory Urography 


Excretory urography is the most commonly performed initial 
examination in patients with transitional cell carcinomas. Five 
categories of abnormality were described by Lowe and Roy- 
lance [24]: (1) a discrete filling defect within the renal collecting 
Structures (35%) (Fig. 1); (2) filling defects within distended 
calices (26%) (Fig. 2); (3) caliceal obliteration and caliceal 
amputation (19%); (4) hydronephrosis with renal enlargement 
and a “soap-bubble” nephrogram (6%); and (5) reduced func- 





Fig. 2.—Infiltrating renal pelvic transitional cell 
carcinoma. Excretory urogram shows large nodu- 
lar filling defect in renal pelvis with multiple infun- 
dibular extensions (arrowheads). 
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tion without renal enlargement (13%). In this category, no 
pyelogram is evident. Although transitional cell carcinoma can 
present in any of these fashions, multiple other disorders can 
cause each of these urographic appearances (Table 1) [24]. 

The surface of a pelvicaliceal or ureteral filling defect may 
be smooth, irregular, or stippled. The “stipple sign” refers to 
trapping of contrast material within the interstices of a papil- 
lary lesion. The vast majority of urothelial tumors are papillary 
transitional cell carcinomas; these tumors exist as multiple 
branching fronds emanating from a central core. This sign 
may be seen anywhere in the urinary tract and is helpful in 
differentiating a tumor from inflammation or blood clot. Blood 
clots within the collecting system may trap contrast material 
irregularly; however, the pattern is much coarser than that of 
tumors. Contrast material trapped in a fungus ball has a 
lamellar pattern [25]. 

Transitional cell tumors also may appear as a distended 
tumor-filled calix (oncocalix) or tumor obstructing a caliceal 
infundibulum (phantom calix). In the ureter, a transitional cell 
carcinoma may appear as a goblet or “champagne glass” 
(Fig. 3). In this situation, the ureter is dilated distal to the filling 
defect. This may be caused by accommodation of the ureter 
to the intraluminal tumor growth or by repeated tumoral 
prolapse during ureteral peristalsis [26]. This is distinct from 
ureteral calculi that cause proximal ureteral dilatation and 
distal ureteral narrowing due to spasm and/or edema. 

The hallmark of analgesic nephropathy is necrosis of the 
renal papillae. Changes on excretory urography are variable 
and can be subtle. Parenchymal scarring characterized by a 
“wavy” renal outline may be found. Cortical depressions may 
be located directly over a calix or between calices. With 
continued use of analgesics, indentations develop and result 
in discrete renal cortical depressions. This scarring pattern 
may be unilateral, but frequently is bilateral. When transitional 
cell carcinoma is associated with analgesic abuse, 5% have 
demonstrated simultaneous bilateral renal pelvic tumors [27]. 


Retrograde Pyelography 


Retrograde pyelography can be used to show morphologic 
features of tumors found on excretory urography. In particu- 
lar, a fixed filling defect suggests neoplasm rather than blood 
clots and mycetoma, which move with change in position of 
the patient. Tumors arising from the anterior wall of the renal 
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pelvis may be missed if only radiographs of the supine patient 
are obtained [28]. Retrograde examination allows evaluation 
of a nonfunctioning kidney, which occurs when the kidney is 
extensively invaded by tumor without associated hydrone- 
phrosis or renal vein involvement [29]. A change in orientation 
of a ureteral filling defect demonstrated first with retrograde 
injection of contrast material, and subsequently with ante- 
grade flow of contrast material, is diagnostic of an intraluminal 
lesion rather than a vascular impression [30]. Other intralu- 
minal lesions, such as a fibroepithelial polyp of the ureter, 
also may demonstrate this pyelographic sign. 


Sonography 


Sonography is useful in differentiating nonopaque calculi 
from blood clots, tumors, and other soft-tissue masses. The 
most common appearance of a renal transitional cell carci- 
noma is a discrete, solid, hypoechoic mass separating the 
central echo complex (Fig. 4). Less common presentations 
are disruption of a portion of the central echo complex with 
normal surrounding parenchyma or an appearance resembling 
hydronephrosis [31]. A centrally located mass in the renal 
sinus may resemble mild hydronephrosis, but the solid nature 
of the lesion is discernible on careful examination [32]. When 
tumor resides within a kidney that is obstructed by some 
other process, the sonographic appearance may be confus- 
ing. Tumor may be discovered coincidentally in an obstructed 
system, rather than causing the obstruction itself. 

The sonographic characteristics of a renal mass are not 
sufficiently specific to allow confident differentiation of tran- 
sitional cell carcinoma from adenocarcinoma, metastasis, lym- 
phoma, or inflammatory disease. Transitional cell carcinoma, 
however, can be suggested when a mass is seen in a central 
location; focal enlargement of the adjacent renal cortex sug- 
gests cortical infiltration. Hypernephromas cause more corti- 
cal disruption associated with a renal mass. Inflammatory 
masses usually do not involve the central echo complex [31]. 
Pyelocaliceal mucosal thickening is nonspecific and may be 
caused by infection or chronic obstruction; potentially it could 
mimic a nonpapillary transitional cell carcinoma on sonogra- 
phy. In this setting, appropriate clinical history and retrograde 
pyelography with cytology would be necessary. 

Transitional cell carcinoma occasionally mimics a renal 
stone on sonography. High-grade transitional cell carcinomas 
can exhibit areas of squamous metaplasia. These metaplastic 


TABLE 1: Differential Diagnoses in Transitional Cell Carcinoma on Excretory Urography 


Type of Abnormality 


Discrete filling defect within renal 
collecting structures 

Filling defects within distended cal- 
ices 

Caliceal obliteration and caliceal 
amputation 

Hydronephrosis with renal enlarge- 
ment and soap-bubble appear- 
ance on nephrogram 

Reduced function without renal en- 
largement 


Differential Diagnosis 


Stone, clot, pyelitis/ureteritis cystica, intramural hemorrhage 
Tuberculosis, papillary necrosis 
Hypernephroma, abscess, focal xanthogranulomatous pyelonephritis, metastasis, tuberculosis 


Hydronephrosis, pyonephrosis 


Ureteral/bladder carcinoma, renal artery stenosis, diffuse xanthogranulomatous pyelonephritis 


a 


Note.—Adapted from Lowe and Roylance [24]. 
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Fig. 3.—Ureteral transitional cell carcinoma. 

A, Excretory urogram shows hydroureter with 
obstruction by mass in mid ureter. 

B, Retrograde pyelogram shows intraluminal fill- 
ing defect with distal ureteral widening, the cham- 
pagne-glass sign. 


Fig. 4.—Renal pelvic transitional cell tumor. 

A, Sonogram shows mass separating central 
echo complex of left kidney. 

B, CT scan shows soft-tissue mass (arrow) 
within renal pelvis. 


A 


areas are characterized by the abundant formation of keratin 
pearls. This hard and smooth surface produces dense echoes 
similar to those seen in calculi. This rare pitfall has been 
reported in a high-grade transitional cell tumor and serves as 
a reminder that tumor may be mimicked by renal stones [33]. 


CT 


CT provides excellent detail of the kidney and urinary tract. 
Transitional cell carcinomas have CT densities ranging from 
8 to 30 H, in comparison with fat in the renal sinus (—60 to 
120 H), renal cysts (—10 to +10 H), and calculi (100 to 250 
H) (Fig. 5). The density of sinus fat remains in the negative 
range on contrast-enhanced CT; renal cysts remain un- 
changed. Transitional cell carcinomas can be detected as 
masses of density greater than that of urine, but less than 
that of the renal parenchyma. After injection of contrast 
material, these tumors increase in density to 18-55 H [34]. 

The density of a transitional cell carcinoma on CT is suffi- 
ciently different from other causes of pelvicaliceal filling de- 
fects (renal calculi, blood clot) to make CT scans useful [35]. 
The attenuation value of a blood clot, which ranges from 50 
to 65 H, is higher than that of a soft-tissue tumor and lower 
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than that of a renal calculus (Fig. 6). Blood clots do not show 
contrast enhancement. When it is difficult to differentiate 
between a blood clot and a neoplasm, a second study can 
be performed. At that time, a blood clot most likely will have 
lysed, changed configuration, or decreased in attenuation 
[36]. 

CT is also useful in determining the site of Origin of a lesion. 
Finely collimated images may allow distinction between pel- 
vicaliceal, extracaliceal, or parenchymal lesions. 

CT patterns in transitional cell tumors include a caliceal or 
renal pelvic filling defect, pelvicaliceal irregularity, infundibular 
stenosis, caliceal cutoff, caliceal expansion, and focal or global 
nonvisualization [34]. Differentiation of transitional cell carci- 
noma from renal cell carcinoma is aided by the lesser enhance- 
ment of a transitional cell tumor as opposed to the hypervas- 
cular, nonnecrotic, noncystic, and noncalcified renal cell tu- 
mor. The typical transitional cell tumor is centrally located, 
and its centrifugal expansion and/or invasion of the kidney is 
different from the eccentric origin and invasion of the renal 
sinus seen in hypernephromas. Transitional cell tumors do 
not distort the shape of the kidney. A central mass that is 
slightly less dense than normal renal parenchyma and shows 
minimal tumor enhancement strongly suggests a transitional 
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cell tumor. A delayed nephrogram with accentuated late pa- 
renchymal opacification occasionally exhibiting a striated 
nephrogram also may be seen. The centrifugal expansion 
pattern of transitional carcinoma can result in any combination 
of findings including compression, displacement, and/or dis- 
appearance of the renal sinus fat; trapping of contrast material 
in narrowed and compressed caliceal spaces or obstructed 
and slightly dilated calices; or thinning of the surrounding 
renal parenchyma with focal enlargement of the kidney and 
centrifugal, uneven invasion of the renal parenchyma. A mass 
that preserves the uniform contour of the kidney and shows 
extrarenal spread at and through the renal hilum are all 
possible findings on the CT examination of transitional cell 
carcinoma [37]. 

The hydronephrotic form of transitional cell tumor is due to 
ureteropelvic junction obstruction and may present a diag- 
nostic dilemma. Although urography and/or pyelography may 
be used to make the diagnosis, CT occasionally may provide 
a definitive diagnosis. An enhancing soft-tissue mass at the 
apex of a dilated renal pelvis on CT indicates a tumor causing 
ureteropelvic junction obstruction. Nodular thickening of the 
wall of the renal pelvis may occur (Fig. 7), or the mass may 
be bulky and grow to fill the renal pelvis and extend into 
dilated calices. The proximal ureter may be thickened and 
filled from invasion by the neoplasm. This is in distinction to 
patients with congenital ureteropelvic junction obstruction, 
where CT examination will show an enlarged fluid-filled renal 
pelvis. The wall in this case will be thin, smooth, and uniform; 
the renal pelvis is dilated to a greater degree than the calices. 
The pelvic walls are stretched and are barely discernible on 
CT. An abrupt transition from the engorged pelvis to the 
collapsed proximal ureter will be noted [38]. 

Carcinoma of the renal pelvis can be mimicked on CT by 
other conditions including chronic xanthogranulomatous pye- 
lonephritis, chronic ureteropelvic junction obstruction with 
superimposed infection, eosinophilic ureteritis, and pyelitis. 
Urothelial neoplasms and inflammation can coexist in the 
same kidney. CT is useful in these confusing cases, as 
disease—such as liver metastases, regional lymphadenop- 
athy, or synchronous contralateral or ipsilateral tumor—may 
be found elsewhere, which aids in diagnosis. 
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Fig. 5.—Uric acid stone. 

A, Excretory urogram shows triangular filling 
defect (arrow) in collecting system of left kidney. 

B, Unenhanced CT scan shows high-density 
calculus (arrowhead) in left renal pelvis. 


CT can provide valuable information in staging disease in 
patients with transitional cell carcinoma. Baron et al. [39] 
described three patterns of transitional cell carcinoma. Half of 
their patients had a sessile mass, approximately one fifth had 
ureteral wall thickening, and about a third had an infiltrating 
renal mass. Of 24 lesions, 16 had localized disease (stage | 
or Il), four had stage III disease, and four had stage IV disease. 
CT correctly characterized the extent of disease in 20 of 24 
cases. CT was successful in differentiating tumors confined 
to the wall from those with local extension or distant metas- 
tasis. In their experience, CT was not useful for differentiating 
tumors limited to the uroepithelial mucosa (stage |) from those 
with muscle wall invasion (stage Il). In this region of the body, 
as elsewhere, CT may underestimate the extent of disease 
by failing to detect metastases in normal-sized lymph nodes. 
The pathologic staging (Table 2) is paralleled by a preoperative 
staging system based on CT examination that divides staging 
into (A) tumor confined to the pelvicaliceal system, (B) exten- 
sion to the renal parenchyma but still confined to the kidney, 
(C) transpelvic or transparenchymal invasion into the peripel- 
vic and perirenal fat without gross extension and without 
nodal involvement, and (D) gross local extrarenal extension 
and/or nodal metastases [36]. CT can document metastatic 
disease to the lungs, retroperitoneal and distant lymph nodes, 
and liver. Bone metastases may be found but are best eval- 
uated on radionuclide bone scans or plain films. 


MR Imaging 


MR imaging is not used frequently in the diagnosis and 
management of transitional cell tumors. Detection of tumor is 
better accomplished with other techniques. Small lesions may 
be missed on MR imaging because of motion artifacts. On 
T1-weighted images, the tumor has similar or slightly less 
signal intensity than normal renal parenchyma. T2-weighted 
images show a slight increase in signal intensity [40]. MR is 
useful in its ability to detect vascular extension [41]. 


Angiography 


Most urothelial neoplasms are hypovascular on arteriog- 
raphy. In cases of small, noninvasive tumor, no angiographic 


AJR:155, October 1990 


Fig. 6.—Blood clot. 


A, CT scan after IV administration of contrast material shows filling defect (arrowhead) in renal 


pelvis. 


B, Unenhanced CT scan reveals high-density mass (arrow) due to recent blood clot. 


TABLE 2: Staging of Transitional Cell Carcinoma 
SE A a SS a SEE rat = et eS a y 


Stage Description 

A or | Limited to uroepithelial mucosa and lamina 
propria 

B or Il Invasion to, but not beyond, pelvic/ureteral 
muscularis 

C or Ill Invasion beyond muscularis into adventitial 
fat or renal parenchyma 

D or IV Distant metastasis 


SS SS SR ea Os Be 


abnormality can be identified. Invasive tumors may show 
arterial encasement and occlusion. Neovascularity with en- 
larged pelvic and ureteric arteries can be seen in the region 
of a tumor. Arteriography does not allow urothelial tumors to 
be differentiated from xanthogranulomatous pyelonephritis, 
which may show similar venous encasement, occlusion, and 
fine neovascularity [42]. Arteriography is seldom used for 
diagnosis or staging of transitional cell carcinoma. 

Invasion of transitional cell carcinoma into the renal vein is 
an uncommon, late finding [43-45]. Hartman et al. [46] re- 
ported a 7% prevalence of venous involvement in cases seen 
at the Armed Forces Institute of Pathology. Patients with 
renal vein involvement and carcinoma of the renal pelvis have 
a reduced 5-year survival rate (5% vs 43% without renal vein 
invasion). Venous invasion of transitional cell carcinoma is not 
a contraindication to surgery. If tumor completely fills the renal 
vein or extends into the inferior vena cava, the surgical 
approach will be altered to avoid transecting tumor [47]. 


Ureteral Transitional Cell Carcinoma 


Primary carcinoma of the ureter is rare; it accounts for only 
1% of all cancers of the upper urinary tract. The peak preva- 
lence of these tumors is between the fifth and seventh de- 
cades and males predominate in a ratio of 3:1. Ureteral tumors 
are more common on the left side (63%) and are found most 
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Fig. 7.—Hydronephrosis of right kidney due to 
transitional cell carcinoma of renal pelvis. Right 
kidney is enlarged and renal pelvis is markedly 
thickened (arrow). Renal pelvis and calices are 
dilated. 


frequently in the lower third of the ureter (70%). Most patients 
present with hematuria or flank pain [48]. Metastases from 
ureteral transitional cell carcinoma include retroperitoneal 
lymph nodes (34%), distant lymph nodes (17%), liver (17%), 
lumbar vertebrae (13%), lungs (9%), kidneys (8%), and infre- 
quently other sites [26]. 

Pathologic staging of ureteral tumors includes grades 0, 
papilloma; A, submucosal infiltration; B, muscular invasion; C, 
periureteral fat invasion; and D, tumor outside the ureter, 
regional lymphadenopathy, and distant metastasis. Patients 
with stage 0 lesions have an excellent prognosis. Eighty 
percent of patients with stage A disease live more than 5 
years after diagnosis. The overall 5-year survival rate with 
stage B lesions is 50% and with stage C disease is 33.3%; 
Stage D disease has a dismal prognosis [49]. Most ureteral 
carcinomas are superficial; 93% are transitional cell types, 
5% are squamous cell, and 2% are glandular cell types [50]. 
Most are papillary; approximately 40% are nonpapillary. 

Excretory urography is the primary tool used in diagnosing 
ureteral neoplasms. Excretory urography may show a non- 
functioning kidney (46%), hydronephrosis with or without 
hydroureter (34%), or a ureteral filling defect with or without 
hydronephrosis or hydroureter (19%) (Fig. 8) [50]. In approx- 
imately 70% of cases, hydronephrosis or nonvisualization is 
associated with invasive ureteral tumor. When chronic ob- 
struction causes nonfunction of the kidney, urography is not 
diagnostic. In these cases, pyelography, either retrograde or 
antegrade, may be used. However, antegrade pyelography is 
an invasive procedure, and occasionally retrograde pyelog- 
raphy is impossible because of inability to catheterize the 
ureter. CT is able to visualize the entire ureter and can 
distinguish between renal calculus and tumor. CT is useful 
for identification of both the intraluminal mass and extraure- 
teral tumor extension, thereby helping to stage disease. Ure- 
teral neoplasms may appear as soft-tissue filling defects 
within the ureter or thickening of the ureteral wall [51]. The 
finding of a soft-tissue filling defect or thickening of the wall 


A 


is nonspecific and can be mimicked by inflammatory condi- 
tions (including inspissated pus) [52] or ureteral metastases 
[53]. 


Multiplicity 


An important feature of transitional cell carcinoma is its 
propensity for multicentricity, both synchronous and metach- 
ronous lesions (Fig. 9). Metachronous bladder carcinoma 
occurs in 20-37% of patients with transitional cell carcinoma 
of the ureter. Transitional cell carcinoma of the upper tract is 
multicentric in 20-44% of patients (Fig. 10). Unsuspected 
renal pelvic tumors have been found in patients with ureteral 
tumors. This fact emphasizes the need for complete evalua- 
tion of the entire urinary tract when a lesion is discovered. 
Furthermore, there is a high prevalence, 10-40%, of ipsilateral 
recurrence after partial ureterectomy for transitional cell tumor 
(Fig. 11) [54]. Additionally, tumor may be found in the upper 
urinary tract in patients with a history of transitional cell tumor 
of the bladder (Fig. 12). The upper tract recurrence rate has 
been reported to be less than 1% in patients treated by 
transurethral resection for transitional cell carcinoma of the 
bladder [55]. 

Since metachronous transitional cell carcinoma of the blad- 
der occurs after renal and ureteral transitional cell carcinoma 
in 20-55% of patients, close follow-up evaluation of the lower 
urinary tracts is necessary. Bladder lesions typically occur 
15-48 months (renal transitional cell carcinoma) and 10-24 
months (ureteral transitional cell carcinoma) after initial diag- 
nosis [56]. In these patients, cystoscopic evaluation of the 
bladder should be done at 3-month intervals for a period of 2 
years, just as it is done in the follow-up of primary bladder 
cancer [19]. The reported prevalence of bilateral synchronous 
and/or metachronous upper tract transitional cell carcinoma 
ranges from 1% to 10%. Therefore, annual follow-up excre- 
tory urography and, if necessary, retrograde pyelography, 
performed at the time of cystoscopy, is recommended. Me- 
tachronous upper tract lesions develop in 0-6% of patients, 
at an average delay of 77 months, after diagnosis of a primary 
transitional cell carcinoma of the bladder. Urine cytologic 
examinations should be performed semiannually for 2 years 
in these patients and at least annually thereafter. Annual 
excretory or retrograde urography, or both, for the first 2 
years after diagnosis of transitional cell carcinoma of the 
bladder, followed by biennial examinations, is recommended. 





Fig. 8.—Transitional cell carcinoma of ureter 
draining lower-pole moiety in patient with complete 
duplication of collecting system of right kidney. 

A, Retrograde pyelogram shows bilobed mass 
(arrow) in ureter. 

B, CT scan shows intraluminal soft-tissue mass 
(arrowhead). 


Closer surveillance is required in patients at increased risk. 
This includes patients with Balkan nephropathy, vesicoure- 
teral reflex, multifocal recurrent transitional cell carcinoma of 
the bladder, high-grade bladder carcinoma, carcinoma in situ 
in the distal ureter resected during cystectomy, history of 
analgesic abuse, history of heavy smoking, exposure to car- 
cinogens, and treatment with cyclophosphamide [56]. An 
additional site of transitional cell carcinoma is in bowel con- 
duits used for urinary diversions in patients after cystectomy 
for bladder carcinoma (recurrent tumor) or for benign bladder 
conditions (primary tumor) [57, 58]. 


Treatment 


Treatment of renal pelvic transitional cell carcinoma con- 
sists of total nephroureterectomy with excision of a cuff of 
bladder. In selected cases, nephrectomy can be performed 
without removal of the entire ureter, either because standard 
total nephroureterectomy with removal of a cuff of bladder is 
contraindicated by the age or physical debility of the patient 
or because the tumor is so extensive that such an addition 
to the operation would be futile [59]. Parenchyma-sparing 
operations include partial nephrectomy and open pyelotomy 
with tumor excision and fulguration. Operative pyeloscopy is 
useful for a thorough examination of the entire intrarenal 
collecting system. Transurethral ureteropyeloscopy can be 
used as an endoscopic method for diagnosis and treatment 
of renal pelvic transitional cell carcinoma. There is only very 
limited experience in the ureteroscopic treatment of upper 
tract tumors. It does appear that low-grade, localized, distal 
ureteral tumors can be managed effectively by ureteroscopic 
means [60]. In addition to retrograde access to the upper 
tracts, antegrade, percutaneous resection techniques are also 
available to the urologist. Small, well-localized, superficial 
tumors can be removed percutaneously. A cure can be pro- 
vided in selected patients, including those with a normal 
contralateral kidney and with small (no more than 2 cm), 
single, low-grade, papillary tumors that are confined to the 
mucosa, who, in addition, have negative cytologic results, 
negative results of random biopsies of contiguous mucosa, 
and no history of concurrent transitional cell carcinoma else- 
where in the urinary tract [61]. 

Destruction of tumor can be accomplished with either an 
argon or neodymium-yttrium aluminum garnet laser placed 
through a flexible ureteroscope. Topical use of chemothera- 
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Fig. 9.—Multifocal transitional cell carcinoma. 


A, CT scan shows soft-tissue mass (arrow) at apex of hydronephrotic right kidney. Small 


calcification is present centrally. 





Fig. 10.—Soft-tissue masses (arrowheads) in renal pel- 
vis bilaterally. Selective urine cytologic studies confirmed 
bilateral transitional cell carcinoma. 


B, Second mass at right ureterovesical junction (black arrowhead). Normal distal left ureter 


(white arrowhead). 





Fig. 11.—Recurrent transitional cell carcinoma in patient who had had right nephrectomy and 


subtotal ureterectomy for transitional cell carcinoma. 


A, Retrograde pyelogram shows extreme nodularity (arrowhead) in right ureteral stump. 
B, CT scan shows soft-tissue density (black arrow) in remaining right ureter. Note normal left 


ureter (white arrow). 


peutic agents, such as bacillus Calmette-Guérin instilled di- 
rectly into the upper urinary tract, also may be efficacious in 
the conservative management of renal pelvic transitional cell 
carcinoma [62]. Intracavitary therapy administered through a 
nephrostomy tube also may consist of mitomycin C [63]. 
Thiotepa has been used successfully for low-grade, low-stage 
bladder tumors and can be delivered topically for ureteral 
carcinoma [64]. 

Proximal ureteral neoplasms are generally treated with total 
nephroureterectomy. Low-grade, noninvasive tumors of the 
distal ureter may be treated by partial ureterectomy and 
ureteroneocystostomy. Segmental resections can be consid- 
ered in cases of solitary kidney with a ureteral tumor, bilateral 
synchronous ureteral tumors, patients with poor renal func- 
tion, and high-risk patients [65]. Patients who have segmental 
resection will require close follow-up surveillance for the pos- 
sibility of ipsilateral recurrence. The role of adjuvant radiation 
therapy is under investigation. Postoperative radiation may 
be used for advanced ureteral carcinomas and in patients 


Fig. 12.—Multiple filling defects (arrows) in pel- 
vis and collecting system of left kidney seen on 
loop-o-gram of patient who had prior cystectomy 
for transitional cell carcinoma of bladder. 


with renal pelvic carcinoma with recurrent or gross disease. 
Radiation therapy can be delivered postoperatively to patients 
at high risk for local and regional failure [66]. 
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Cine MR Imaging of Valvular Heart 
Disease: Display and Imaging 
Parameters Affect the Size of the Signal 
Void Caused by Valvular Regurgitation 





The effects of display and imaging parameters on the measured size of the signal 
void representing valvular regurgitation on cine MR imaging were examined. Sixteen 
patients with valvular regurgitation were studied. Six cine acquisition modes were 
evaluated in five patients. Echo times (TEs) (8, 12, and 17 msec) and flip angles (30° 
and 50°) were varied. The variable display parameters were [Z x (blood pool signal 
intensity — lung signal intensity)] at window width (Z = 0.75, 1.00, 1.25) and (Y x window 
width + lung signal intensity) at window level (Y = 0.00, 0.25, 0.50). The area of the 
signal void was significantly (p < .01) affected by the window level (2.7 + 0.8 cm? at 
Y = 0.00, 4.4 + 1.1 cm’ at Y = 0.25, and 5.6 + 1.4 cm? at Y = 0.50) and window width 
(3.6 + 0.9 cm’ at Z = 0.75 and 4.9 + 1.1 cm? at Z = 1.25). With standardized display 
parameters, TE influenced the area (3.3 + 1.1 cm? at 8 msec and 7.8 + 1.5 cm? at 12 
msec; p < .01). 

Variations in the value of TE and display settings cause differences in the measured 
area of the regurgitant signal void. Quantification of valvular regurgitation by cine MR 
imaging requires strict standardization of display and imaging parameters. 
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Cine MR imaging with improved temporal resolution is a useful technique for 
quantifying ventricular volumes and function and for quantifying valvular regurgita- 
tion [1, 2]. Cine MR imaging can measure regurgitant volumes as the difference 
between the stroke volumes of the two ventricles, and it can also visualize the jet 
of regurgitant blood flow directly as an area of low signal intensity [3-5]. This signal 
void has been used to identify and estimate valvular regurgitation. 

On spin-echo images, imaging parameters such as echo delay (TE) and pulse 
repetition time (TR) affect characterization of lesions [6]. Theoretically, in cine MR 
the size of the regurgitant signal void might be affected by imaging parameters, 
such as TE and flip angles, and also by display parameters, such as window width 
and window level. However, these possibilities have not been evaluated or dis- 
cussed systematically. The influence of imaging and display parameters on assess- 
ment of severity of regurgitation is important for monitoring the severity of regur- 
gitation in patients on sequential studies over time. Accordingly, the purpose of the 
current study was to determine how both parameters of image acquisition and 
display can influence quantification of the signal void. 


Subjects and Methods 
Patients 


Sixteen patients (nine men and seven women 31-93 years old) known to have chronic 
valvular regurgitation (12 patients with aortic regurgitation, three patients with mitral regurgi- 
tation, and one with both aortic and mitral regurgitation) underwent cine MR imaging. To 
evaluate the effects of display parameters on the measured size of the regurgitant signal 
void, all 16 patients were examined. For assessment of the effects of the imaging parameters, 
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five patients (four with aortic regurgitant and two with mitral regurgi- 
tant signal voids—one patient had both) were evaluated with six 
different imaging sequences. The presence of valvular regurgitation 
was verified by Doppler and two-dimensional echocardiographic 
colorflow mapping in 13 patients. 


Cine MR Imaging 


Cine MR images were obtained by using a 1.5-T superconducting 
magnet (Signa, General Electric, Milwaukee, WI) with the electrocar- 
diographically referenced gradient-refocused technique (cine MR). 
The standard imaging parameters used in all patients were 31/17/ 
30° (TR/TE/flip angle). Two levels were scanned during each imaging 
sequence so that the effective TR of each level was 62 msec. Each 
slice was 10 mm wide. 

To determine the effects of TE and flip angle, six scans were 
obtained with six different imaging sequences and flow compensa- 
tion. The six imaging sequences were 62/8/30°, 62/12/30°, 62/17/ 
30°, 62/8/50°, 62/12/50°, and 62/17/50°. The acquisition matrix 
was 128 x 256 interpolated to 256 x 256 for display, with spatial 
resolution of 1.3 mm in the frequency-encoding direction and 2.6 mm 
in the phase-encoding direction. Two acquisitions were averaged for 
improvement of signal-to-noise ratio. 


Definition of Regurgitant Signal Void 


Regurgitant signal voids were defined on the cine MR format as 
the low-signal-intensity areas in the recipient cardiac chambers during 
the appropriate cardiac phase. In aortic regurgitation, the void origi- 
nated at the orifice of the aortic valves extending into the left ventricle 
in diastole; in mitral regurgitation, it was defined as the void in the 
left atrial chamber originating from the mitral valve during systole. 


Evaluation of the Effects of Variations in Window Width and Level 


This evaluation was done by using images acquired with a 62/17/ 
30° sequence. The signal intensities of the blood pool, the center of 
the signal void, and the lung were determined on each image to 
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determine the setting of the window width and level. The window 
width was set according to variations in the following formula: width 
= [Z x (blood pool intensity — lung intensity)]. Width was varied by 
using Z values of 0.75, 1.00, and 1.25. Window level was set as [Y 
x (window width) + lung intensity], where Y values were 0.00, 0.25, 
and 0.50. The signal void on one selected image was measured five 
times by using five different window width and level settings. The 
window settings (Z/Y) were 1.00/0.00, 0.75/0.25, 1.00/0.25, 1.25/ 
0.25, and 1.00/0.50. The border of the void was outlined with a track- 
ball cursor for every measurement. 


Assessment of the Effects of Imaging Parameters 


Sets of images acquired with six different imaging sequences were 
analyzed in order to determine the effects of TE (8, 12, and 17 msec) 
and flip angle (30° and 50°). The six imaging sequences were 
performed in the same imaging plane to get six cine series. For 
analysis of the same cardiac phase, one frame was selected from 
each cine series and the size of the void on each frame was measured 
with the fixed display parameters: Z/Y = 1.00/0.25. 

For analysis of images during the same cardiac phase, the time 
delay between the ECG R wave and the timing of signal acquisition 
must be exactly the same for all six frames from the six series in 
each case. Because of slight changes in heart rate during the six 
series of image acquisitions, it was impossible to have complete 
temporal coincidence of the images among the series. To minimize 
the absolute difference of the time delay between each sampling 
point and the mean, that is, absolute deviation of the time delay, a 
set of six frames was selected from six image acquisitions in each 
case. The maximal absolute deviation was 8.7 + 2.2 msec; therefore, 
an almost common cardiac phase was used for comparisons in the 
current study. 


Intraobserver and Interobserver Variabilities 


Intraobserver variability was tested by a second measurement in 
11 patients randomly selected. Interobserver variability was tested 
by the second observer for the same randomly selected subjects. 


Fig. 1.—Effect of window level set- 
ting on assessment of measured size 
of mitral regurgitant signal void (ar- 
rows). Imaging parameters were 62/ 
17/30°; Z = 1.00 was used as the pa- 
rameter for window width (window 
width, 436). Signal void on same image 
is displayed for two different window 
levels. 

A, Y = 0.25 (window level, 1158). 

B, Y = 0.50 (window level, 1267). 

LV = left ventricle, LA = left atrium. 
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The common window width and level settings were used for intraob- 
server and interobserver measurements. Intraobserver and interob- 
server variabilities were expressed as the absolute difference divided 
by the mean between the two paired measurements. 


Statistical Analysis 


All values were expressed as mean + standard error. Differences 
between two groups were tested by the paired t test. 


Results 
Effects of Display Parameters 


The area of the regurgitant signal void on the same image 
obtained by using a single standardized imaging sequence, 
62/17/30°, was significantly (p < .01) affected by the settings 
of window level (2.7 + 0.8 cm? at Y = 0.00, 4.4 + 1.1 cm? at 
Y = 0.25, and 5.6 + 1.4 cm° at Y = 0.50) (Fig. 1) and window 
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Fig. 2.—Effect of window width and level settings (Z/Y) on size of 
valvular regurgitant signal void (SV). Five measured areas were obtained 
by measuring one signal void five times at five different window settings. 
All images were obtained by using the common imaging sequence (62/17/ 
30°). 


Fig. 3.—Effect of TE on measured 
size of aortic regurgitant signal void. 
Regurgitant signal voids (arrows) were 
recorded during same cardiac phase 
and on same anatomic plane in one 
patient with aortic regurgitation. A flip 
angle of 50° and standardized display 
parameters (Z/Y = 1.00/0.25) were 
used for both images. 

A, TE = 8 msec (window width, 305; 
window level, 1119). 

B, TE = 12 msec (window width, 328; 
window level, 1135). 

LV = left ventricle. 
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width (3.6 + 0.9 cm? at Z = 0.75 and 4.9 + 1.1 cm? at Z = 
1.25) (Fig. 2). With the experimental conditions used in this 
study, variation in window level produced as much as a 70% 
variation in the area of the signal void and variation in window 
width caused a 30% variation. 


Effects of TE and Flip Angle 


With fixed display parameters (Z/Y = 1.00/0.25), the area 
of the signal void obtained by using a TE of 8 msec KEE- 
1.1 cmê) was significantly (p < .01) smaller than those ob- 
tained by using a TE of 12 msec (7.8 + 1.5 cm?) and 17 msec 
(7.4 + 1.2 cm’) (Fig. 3). There was no statistical difference 
between the area using a TE of 12 msec and that using a TE 
of 17 msec. The area with a flip angle of 30° (6.0 + 1.1 cm*) 
was not significantly different from that with a flip angle of 
50° (6.4 + 1.2 cm’) (Fig. 4). Variation in TE produced an 80% 
variation in the area of the signal void. 


Intraobserver and Interobserver Variabilities 


For measurements of the area of the signal void on the 
same image with common display parameters, the correlation 
coefficients (regression line, probability) for the linear relation- 
ship of intraobserver and interobserver measurements of the 
signal void were r = .99 (y = 0.98x + 0.01, p < .01) andr = 
.97 (y = 0.99x + 0.45, p < .01), respectively. Intraobserver 
and interobserver variabilities were 8.7 + 0.8% and 17.9 + 
1.3%, respectively. 


Discussion 


The regurgitant [3-5] or shunt flow [7] jets are represented 
as areas of low signal intensity or signal void. The areas with 
low signal intensity are thought to be due to the turbulence 
and high flow velocity of the blood [8]. This signal void has 
been used for identification and quantification of valvular 
regurgitation [3-5]. 
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The current study shows that varying the imaging and 
display parameters can have a significant effect on the mea- 
sured volume of the signal void. Lowering the TE value to 8 
msec causes a significant reduction in the signal void because 
a shorter TE permits less time for dephasing of the spins to 
occur. Dephasing of the spins may be severe in the presence 
of the high-velocity and turbulent flow associated with regur- 
gitation. There was no significant difference in the size of the 
void between images with TEs of 12 and 17 msec. Presum- 
ably, a greater dephasing effect transpires between 8 and 12 
msec than between 12 and 17 msec. Another possible reason 
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Fig. 4.—Effect of TE and flip angle on size of regurgitant signal void 
(SV). Six measured areas of each regurgitant void in each patient were 
obtained by using six scans with six different imaging sequences. All 
measurements were obtained by using standardized display parameters 
(Z/Y = 1.00/0.25). 
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for the failure to observe a difference between 12 and 17 
msec may relate to image quality, since the image quality and 
edge definition tended to deteriorate with expansion of the 
TE to 17 msec. 

Doppler echocardiography, including two-dimensional echo- 
cardiographic color-encoded flow mapping [9, 10], is now 
accepted as a sensitive and specific technique for the detec- 
tion of valvular regurgitation and shunts; this technique is 
being used for semiquantitative evaluation of these lesions. 
At the early stage of clinical applications of color-encoded 
Doppler echocardiography, the capability of this technique for 
quantitative assessments was expected, and semiquantita- 
tive usefulness has been shown [11, 12]. On color flow maps, 
the regurgitant jet produces a mosaic pattern of multiple 
colors that seems to correspond to the signal void in cine MR 
imaging. The fact that settings of display parameters (gain 
settings of display, frame rate, etc.) or instrumentation (es- 
pecially the frequency of the transducer used) affect signifi- 
cantly the size of this mosaic area is now accepted [13]. 

The size of the signal void on cine MR images may also be 
influenced by the imaging sequences and display parameters. 
Wong et al. [13] tried to grade the severity of valvular regur- 
gitation semiquantitatively according to jet size by using color 
Doppler echocardiography (grade small was less than 2.5 
cm?, medium was 2.5-5.0 cm’, large was more than 5.0 cm’). 
lf this criterion is applied to measured area of signal void in 
the present study using the standardized imaging sequence 
(62/17/30°), the mean area of the void might be changed 
from small (2.4 + 0.8 cm? for Z/Y = 0.75/0.00) to large (5.6 
+ 1.4 cm? for Z/Y = 1.00/0.50). Moreover, the mean area 
might also be changed from medium (3.3 + 1.1 cm? using a 
TE of 8 msec) to large (7.8 + 1.5 cm* using a TE of 12 msec) 
with the standardized display settings of Z/Y = 1.00/0.25. 


Fig. 5.—A and B, Influence of win- 
dow level (A) and width (B) on mea- 
surement of area of signal void. Sche- 
matic representations show possible 
principles governing effect of window 
level and width settings on measured 
size of regurgitant signal void. Z x 
(blood pool intensity — lung intensity) 
was defined as window width; Y x (win- 
dow width) + lung intensity was set as 
window level. 

A, Z/Y ratios for window settings W,, 
W, and W, are 1.00/0.00, 1.00/0.25, 
and 1.00/0.50, respectively. A;, A2, and 
A, are measured areas of regurgitant 
signal void using window settings of 
W., We, and W,, respectively. R is ratio 
(0 < R < 1) on axis of signal intensity 
that offers critical point of gray scale of 
window width. Region with signal inten- 
sity smaller than value determined by 
R, that is, region with intensity smaller 
than (R + Y — ¥2) x window width + 
lung intensity is considered to be signal 
void of regurgitation. R depends only 
on observer. 

B, Z/Y ratios for window widths are 
0.75/0.25 for W,, 1.00/0.25 for W2, and 
1.25/0.25 for W3. 
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Thus, both the effects of window settings and TE on the 
assessment of valvular regurgitation can be clinically signifi- 
cant. 

The principle behind the influence of window level and width 
on the measured area of the void is shown in Figure 5. It 
seems logical to consider defining a standard intensity thresh- 
old for the boundaries of a signal void. For example, the edge 
of a signal void could be defined as those points with intensity 
midway between that of the blood pool and the lung. Then, 
the signal void would not change size under different display 
conditions. 

A full examination of the influence of flip angle would require 
images in the range of 10-90°, but limitations of examination 
time precluded such an examination for most patients. The 
current study examined a range used for most cine MR 
Studies. 

In conclusion, variation in the value of TE causes differences 
in the measured area of the signal void representing valvular 
regurgitation. Display parameters also influence quantification 
of the severity of regurgitation. Quantitative assessments of 
valvular regurgitation by cine MR imaging require strict stan- 
dardizations for both imaging and display parameters. These 
findings have important implications for the sequential moni- 
toring of the severity of regurgitation with cine MR. 
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Book Review 





The Nucleus of Cardiac Diagnosis. Electrocardiography and Chest X-Ray. By William Schiavone. Philadelphia: 


Lea & Febiger, 287 pp., 1990. $34 


The premise of this delightfully anachronistic book is addressed 
clearly by the author, an academic cardiologist at Northeastern Ohio 
Universities College of Medicine. In his preface, he states that beyond 
the history and physical examination, the electrocardiogram and chest 
radiograph form the “nucleus” of cardiac diagnosis. He believes that 
together with the physical examination and history they form a 
“unified” approach to cardiac diagnosis. This will help to limit the 
diagnostic possibilities, making the approach to further diagnosis 
more manageable. He also states that “emphasis is placed on the 
chest x-ray because so little has been written about its use in cardiac 
diagnosis.” 

The author illustrates his concept with 75 case histories divided 
into broad categories of cardiac disease, including coronary artery 
disease, valvular disease, congenital heart and aortic disease, and 
mimics of heart disease. Each case example is complete in itself and 
includes a chest radiograph, electrocardiogram, and clinical profile. 
Readers are asked to analyze the case and compare their clinical 
decision with the author's conclusions. The text is clear, and the 
format is consistent from case to case. However, the radiographs 
are often suboptimal. Many are underpenetrated so that the pertinent 
findings noted in the text are obscured. For example, in several films, 


Kerley lines and changes in the pulmonary vasculature described in 
the text are not visible on the radiographs. Perhaps the major fault 
of this book is that the imaging algorithms stop too soon. It would be 
valuable if they indicated clearly which study (e.g., echocardiography, 
MR imaging, CT, or angiocardiography) would be most valuable to 
make a final diagnosis of the disease entity discussed. The impor- 
tance of individual radiologic signs of abnormalities also should be 
described more clearly. Although a useful index is provided, a carefully 
selected bibliography with each case would be an additional help to 
the reader. 

Although this is a useful and concise review of ECG abnormalities, 
especially for the radiologist long out of touch with clinical cardiology, 
it is hard to find a satisfactory niche for this book. Perhaps it would 
be most useful for the senior or junior medical student who is taking 
an elective in clinical cardiology. It does not fulfill the need referred to 
by the author when he states that so little is written about the use of 
the chest x-ray in cardiac diagnosis. 


Robert M. Steiner 
Thomas Jefferson University Hospital 
Philadelphia, PA 19107 
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Pictorial Essay 





Manifestations of Esophageal Disease on Plain Chest 


Radiographs 


Paul Stark," ê Smari Thordarson,’ and Mark McKinney’ 


The chest film appearances of various esophageal abnormali- 
ties are illustrated. Inability to recognize these abnormalities on 
chest radiographs can result in confusion and misinterpretation. 
This pictorial essay should assist the radiologist in recognizing 
esophageal abnormalities on chest films and in recognizing their 
place in the spectrum of chest film abnormalities. 


Abnormalities of the esophagus lead to abnormalities on 
chest radiographs that may be difficult to interpret correctly. 
The purpose of this essay is to illustrate these findings and, 
by doing so, to heighten the awareness of the radiologist to 
the esophagus as a component of the mediastinum (Fig. 1) 
[1], and as the cause of abnormalities on chest radiographs. 


Esophageal Trauma 


The majority of esophageal injuries (75%) are the result of 
instrumentation (0.1% of endoscopies, 5% of dilatations, and 
10-35% of Sengstaken-Blakemore tubes result in perforation) 
(Figs. 2 and 3). Ingestion of foreign bodies can cause esoph- 
ageal obstruction or perforation (Figs. 4 and 5). Chemical 
burns, particularly those caused by lye, can lead to ulceration, 
perforation, or stricture of the esophagus. 

Boerhaave syndrome occurs when rupture of the distal 
esophagus results from projectile vomiting and concomitant 
abrupt increase in intraluminal pressure [2]. Plain film findings 
indicative of perforation, mediastinitis, and mediastinal ab- 
scess formation include pneumomediastinum (Fig. 6), deep 
cervical emphysema, subcutaneous emphysema, effacement 
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of mediastinal soft-tissue planes, mediastinal widening, poorly 
defined mediastinal masses, and fluid levels. If the mediastinal 
pleura does not contain the rupture, an esophageal-pleural 
fistula occurs, leading to pleural effusions, pneumothorax, 
hydropneumothorax, and atelectasis. 


Motility Disorders of the Esophagus 


Achalasia is the most important esophageal motility disor- 
der (Figs. 7 and 8). Presbyesophagus, diffuse esophageal 
spasm, and collagen-vascular disorders are other causes 
(Fig. 9). 

Gas-fluid levels and bilateral widening of the paraspinal 
stripes are detected on chest radiographs when the esopha- 
gus is dilated. In the lateral projection, clear delineation or 
thickening of the posterior tracheal band may indicate exces- 
sive gas in the esophagus. A dilated esophagus may obliterate 
the posterior cardiac contour [3]. 


Benign Esophageal Tumors and Cysts 


Benign tumors usually present as intramural masses. 
Leiomyomas are the most common variety (Fig. 10). Congen- 
ital duplication cysts have similar radiologic features and 
present as intramural esophageal or paraesophageal masses. 
Most do not communicate with the esophageal lumen, though 
exceptions occur (Fig. 11). 
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Fig. 1.—Frontal chest radiograph in otherwise 
normal patient with transient reflux of gas and 
fluid. Contributions of esophagus to right par- 
aesophageal stripe, azygoesophageal recess, 
and preaortic line are evident (arrows). 


Fig. 2.—Esophageal perforation in premature 
neonate with hyaline membranes. Chest radio- 
graph shows infraazygos, retrocardiac pneu- 
momediastinum (arrow). 


Fig. 3.—A, Esophageal perforation due to 
Sengstaken-Blakemore tube; premature inflation 
of gastric balloon in distal esophagus (arrow). 

B, Follow-up film after repositioning gastric bal- 
loon shows large left-sided pleural effusion, left- 
sided pulmonary edema, and curvilinear accumu- 
lation of gas between diaphragmatic pleura and 
left hemidiaphragm (arrow). 
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Fig. 4.—Foreign body perforating esophagus Fig. 5.—Foreign body in esophagus of schizophrenic patient. 
with secondary puncture of right main bronchus. A, Frontal chest radiograph shows superior mediastinal widening. 
Chest radiograph reveals pneumomediastinum B, Lateral view shows marked thickening of retrotracheal stripe (arrow) as well as gas accumu- 


with displacement of right lobe of thymus (white lation anterior to foreign body. At surgery the esophagus was intact and no abscess or perforation 
arrow). Note left retrocardiac accumulation of gas was present, but the upper esophagus was filled with cigarette butts. 

in phrenovertebral sulcus (black arrow). Bibasilar 

pneumothoraces and extensive subcutaneous em- 

physema are present. 
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Fig. 6.—Boerhaave syndrome. 

A, Chest radiograph shows pneumomedias- 
tinum (arrow), deep cervical emphysema, left- 
sided pleural effusion, and partial left lower lobe 
atelectasis. 

B, Barium esophagogram shows extravasation 
of contrast material, primarily into mediastinum 
and medial aspect of left pleural space. 








Fig. 7.—Achalasia. Frontal chest radiograph Fig. 8.—Achalasia. Frontal chest radiograph Fig. 9.—Scleroderma. Chest radiograph 30 min 
shows massive dilatation of esophagus, which delineates massive gaseous dilatation of esoph- after contrast study shows retention of barium in 
protrudes into right hemithorax. Note mottled agus. dilated esophagus (arrow). Bibasilar pulmonary 
esophageal contents. fibrosis is present. 


Fig. 10.—Calcified leiomyoma. 

A, Frontal view of chest reveals right retrocar- 
diac mass with faint calcifications (arrow). 

B, CT scan of chest shows large right para- 
esophageal mass containing mottled calcifica- 
tions. 
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Fibrovascular polyps are pedunculated benign lesions, 
which can reach extraordinary size. They occur more com- 
monly in the upper half of the esophagus and are mobile 
(Fig. 12). 


Malignant Esophageal Tumors 


The most common malignant tumor of the esophagus is 
carcinoma (Fig. 13). Ninety-five percent of esophageal carci- 
nomas are squamous cell and 5% are adenocarcinomas; 15% 
occur in the upper third, 50% in the middle third, and 35% in 
the lower third. Features visible on chest radiographs include 
a retrotracheal, subcarinal, or retrocardiac mass; thickening 
of the retrotracheal stripe; and accompanying paratracheal or 
hilar lymph node enlargement [4]. 


Esophageal Diverticula 


Zenker diverticula are hypopharyngeal pulsion diverticula. 
Their features on chest radiographs include a superior me- 
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diastinal mass or superior mediastinal widening. The divertic- 
ulum sac most often projects into the left hemithorax (Fig. 
14). On lateral radiographs, the diverticulum may be seen as 
a retrotracheal mass with anterior tracheal bowing. 

Midesophageal diverticula are caused by pulsion or traction 
by scars from inflamed subcarinal intertracheobronchial lymph 
nodes resulting from previous granulomatous disease. They 
have a small diameter and are unlikely to cast a discernible 
shadow on plain radiographs. 

Epiphrenic diverticula represent pulsion diverticula, and are 
most likely caused by an incoordination between the lower 
esophageal sphincter and the primary esophageal peristaltic 
wave (Fig. 15). Findings on chest radiographs include a retro- 
cardiac, paraesophageal mass, usually projecting into the 
right hemithorax behind the right atrium with or without a gas- 
fluid level. 


Esophageal Varices 


Varices may form serpiginous paraesophageal, paraspinal, 


Fig. 11.—Communicating duplication cyst of 
esophagus in patient with gastric ulcer. 

A, Frontal chest radiograph reveals large sub- 
carinal mass (black arrow) as well as a right hilar 
mass (white arrow), which represents part of du- 
plication cyst. Paratracheal mediastinum is wid- 
ened because of lipomatosis. 

B, CT scan obtained after surgery for bleeding 
gastric ulcer shows retention of Gastrografin in 
subcarinal mass and right hilar mass, which con- 
nects with mediastinal component. Esophagus is 
delineated by nasogastric tube. Note postopera- 
tive pleural effusions and atelectases. 


Fig. 12.—Giant fibrolipomatous polyp. 

A, Frontal chest radiograph shows widening of 
mediastinum with gas projecting to right of trachea 
(white arrow) and fullness in subcarinal region 
(black arrow). ‘ 

B, Barium esophagogram shows a large mid- 
esophageal mass (arrow). 


Fig. 13.—Esophageal carcinoma. 

A, Frontal chest radiograph shows right-sided 
paratracheal mass (arrow). 

B, CT scan shows large retrotracheal mass. 
(Courtesy of S. Rubin, Galveston, TX.) 









Fig. 14.—Zenker diverticulum. 
A and B, Frontal (A) and lateral (B) views of chest show deviation of trachea to the right and a large right paratracheal and retrotracheal mass deviating 
trachea anteriorly; the patient also has a gas-containing retrocardiac hiatal hernia and calcific aortic valvular stenosis. 


C, Barium esophagogram shows a large Zenker diverticulum projecting to the left as well as a large hiatal hernia. Right paratracheal mass represents 
posterior descending goiter. 





Fig. 15.—Epiphrenic diverticulum. Fig. 16.—Frontal chest radiograph obtained 
A, Chest radiograph shows gas-fluid level within mass in right retrocardiac location (arrow). after sclerotherapy for esophageal varices reveals 
B, Barium esophagogram shows large epiphrenic diverticulum projecting into right hemithorax. marked widening of right and left paraspinal 


Note heavy calcification of mitral anulus (arrow). stripes resulting from varices and edema (arrows). 
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or retrocardiac masses (Fig. 16). Only rarely do such venous REFERENCES 


collateral pathways become visible on plain films. 1. 
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Dysphagia Aortica 


Severe tortuosity of the descending thoracic aorta may 


compress the esophagus against the posterior aspect of an 3. 


enlarged left ventricle. In a patient with dysphagia and these 
findings on chest radiographs, a barium study may demon- 4 
strate focal narrowing of the distal esophagus. 
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The ARRS announces competition for the 1991 President’s Award and two Executive Council Awards 
for the best papers concerning the clinical application of the radiologic sciences. 


Awards 


The winner of the President’s Award will receive a certificate and a $2000 prize. The winners of the two 


Executive Council Awards will each be given a certificate and a prize of $1000. The winners will be 
announced on March 15, 1991. Winning papers will be presented at the ARRS annual meeting at the 
Sheraton Boston Hotel, Boston, MA, May 5-10, 1991. Winning papers will be submitted for early publica- 
tion in the American Journal of Roentgenology. All other papers will be returned to the authors. 


Regulations 


Eligibility is limited to residents or fellows in radiology who have not yet completed 4 years of approved 
training in a radiologic discipline. A letter from the resident's department chairman attesting to this status 
must accompany the manuscript. The resident must be the sole or senior author and be responsible for all 
or most of the project. 

Submitted manuscripts must not exceed 5000 words and have no more than 10 illustrations. Four copies 
of the manuscript and illustrations are required. Submitted manuscripts should not contain previously 
presented or published material and should not be under consideration for publication elsewhere. 

Deadline for submissions is February 15, 1991. Send papers to 

Nancy O. Whitley, M.D. 

Chairman, Committee on Education & Research 
American Roentgen Ray Society 

Department of Radiology 
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Case Report 





Mediastinal Actinomycosis 


Desiree E. Morgan,’ Hrudaya Nath,’ Colleen Sanders,’ and Jack H. Hasson? 


Actinomycosis, once fairly common and often fatal, has 
become a rare infection in the era of antibiotics. Thoracic 
involvement has been reported to occur in 15-45% of all 
cases of actinomycosis. In the thorax, actinomycosis com- 
monly affects the lungs and chest wall [1, 2]. Infection involv- 
ing the mediastinum is extremely rare. Most reported cases 
of mediastinal actinomycosis describe involvement of only the 
cardiac structures, with the pericardium as the most common 
site of infection. Although infection of the cardiac structures 
is presumed to be caused by contiguous spread from an 
intrathoracic source in 75% of cases [3], little mention is made 
in the literature about the rest of the mediastinal tissues. We 
present two cases of mediastinal actinomycosis that pre- 
sented as posterior and anterior mediastinal masses, respec- 
tively, on CT scans and chest radiographs. 


Case Reports 
Case 7 


A 17-year-old girl with a 7-month history of gradually worsening 
upper back and shouider pain, anorexia (15 Ib. [6.8 kg] weight loss), 
night sweats, and fever. Physical examination was pertinent for 
bilateral pleural friction rubs, shotty cervical and axillary adenopathy, 
and exquisite tenderness of the upper thoracic spine to paipation. 
Chest radiographs obtained on admission revealed a posterior me- 
diastinal mass, bilateral pulmonary opacities radiating from the hila, 
and upper lobe pleural thickening (Fig. 1A). Scintigraphy showed 
increased uptake in the second through eighth thoracic vertebral 
bodies and the second through seventh posterior ribs bilaterally. 
Chest CT revealed a large paravertebral mass that extended the 





et menantang ff fer rere vn ner ena, 


Received February 26, 1990; accepted after revision April 24, 1990. 


length of the thorax, with areas of consolidation in adjacent pulmonary 
parenchyma (Fig. 1B). After nondiagnostic transbronchial biopsy and 
percutaneous needle biopsy of the mediastinal mass, the patient 
underwent right thoracotomy, which revealed a large, friable, necrotic 
posterior mediastinal mass grossly involving the paraspinous soft 
tissues, chest wall, and right upper and lower lobes of the lung. 
Frozen sections of the right lower lobe and mediastinal mass revealed 
sulfur granules and branching pseudohyphae consistent with actino- 
mycosis. Cultures of the tissue subsequently grew Actinomycetes 
israelii. The patient was treated long term with penicillin and recovered 
fully. 


Case 2 


A 35-year-old man with a 2-month history of low-grade fever, 30 
Ib. (30.6 kg) weight loss, and draining bullous lesions of anterior chest 
wall, as well as acute progressive shortness of breath and pleuritic 
chest pain. Physical examination was pertinent for a few scattered 
rales and expiratory wheezes. Nontender indurated bullous lesions 
were present on the anterior chest wall, some with purulent drainage. 
Chest radiographs revealed air-space opacities in both ungs radiating 
from the hila (Fig. 2A). Chest CT showed a retrosternal soft-tissue 
mass with poorly defined borders, consolidation of adjacent medial 
lung parenchyma, and invasion of the parasternal tissues of the 
anterior chest wall, more pronounced on the left side (Figs. 2B and 
2C). Bronchoscopy with transbronchial biopsy and skin biopsy were 
nondiagnostic. The patient underwent median sternotomy with biop- 
sies of multiple sites in the mediastinum, including pericardium and 
right atrium in addition to adjacent lung, revealing organisms com- 
patible with actinomycosis. The patient was treated with antibiotics 
and is doing well. 
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Fig. 2.—Case 2. 
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Fig. 1.—Case 1. 

A, Anteroposterior view of chest. 
Note bilateral posterior mediastinal 
widening, most obvious above aortic 
arch (arrows). Poorly defined air-space 
opacities are seen in perihilar regions. 

B, Unenhanced CT scan of chest at 
level of left atrium. Note bilateral para- 
vertebral soft-tissue mass (arrows). 





A, Anteroposterior view of chest. Poorly defined perihilar air-space opacities are seen in both lungs. 
B, Contrast-enhanced CT scan at level of aortic arch. Note consolidation in both upper lobes, medially, adjacent to mediastinum. Soft tissues in left 


anterior chest wall are edematous. 


C, CT scan at level of aortic root. Dense rind of abnormal soft tissue surrounds great vessels and extends into adjacent upper lobes. This abnormality 


crosses endothoracic fascia on left into anterior wall (arrowheads). 
AA = ascending aorta, V = superior vena cava, PA = pulmonary trunk. 


Discussion 


Actinomycosis in humans is caused predominantly by Ac- 
tinomycetes israelii, a filamentous, Gram-positive anaerobic 
bacterium that is found in the normal flora of the oropharynx. 
Clinical syndromes have traditionally been divided into cervi- 
cofacial, thoracic, and abdominal infection. Thoracic involve- 
ment is most often due to aspiration of oropharyngeal con- 
tents with bronchopulmonary invasion of the organism and 
subsequent contiguous spread to the chest wall (more com- 
mon) and/or mediastinum (less common). Symptoms of 
chronic actinomycotic infection in the chest are nonspecific 
and include weight loss, malaise, and coughing [4]. 

Mediastinitis usually results from either perforation of the 


esophagus (spontaneous or after instrumentation), penetrat- 
ing chest trauma, complications of thoracic surgery, tracheo- 
bronchial perforation, or contiguous spread of pulmonary 
infection. In their series of 57 cases of actinomycosis during 
36 years, Weese and Smith [4] described only two patients 
with mediastinal involvement: one with contiguous spread of 
primary pulmonary actinomycosis and one who developed 
primary mediastinal actinomycosis after chest trauma and 
perforation of the esophagus. It is difficult to assess the 
number of patients with extracardiac mediastinal involvement 
in other large studies of actinomycosis because of their clas- 
sification with patients who have cardiac infection. In Brown’s 
study of 181 cases of actinomycosis [1], four patients were 
categorized as having disease involving the “heart or medias- 
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tinum.” Dutton’s review of 86 cases of cardiac actinomycosis 
[3] revealed 4.5% of patients in whom the mediastinum was 
the primary site of infection. 

The radiologic manifestations of acute pulmonary actino- 
mycosis have been described as air-space pneumonia without 
segmental distribution, located peripherally, and with a pre- 
dilection for lower lobes [5], whereas the radiologic signs of 
chronic thoracic actinomycosis include mass lesion, cavita- 
tion, chronic alveolar opacities, pleural involvement (empyema 
or pleural thickening), and chest wall involvement manifested 
by wavy periostitis of the ribs and/or mottled destruction of 
vertebral bodies [6]. The specific appearance on radiographs 
or CT scans of mediastinitis caused by actinomycosis has not 
been described. Demonstrable signs on CT of infective me- 
diastinitis due to other organisms include abscess formation, 
mediastinal masses, soft-tissue collections contiguous to 
other infected compartments, and areas of diffuse mediastinal 
infiltration with fat plane loss without prominent lymphade- 
nopathy [7]. indeed, in case 1 we saw a posterior mediastinal 
mass adjacent to areas of abnormal pulmonary parenchyma. 
In case 2, we saw all of the above signs except for abscess 
formation, in addition to chest wall invasion. 

In summary, mediastinal actinomycosis, a very rare condi- 
tion, has no pathognomonic findings on chest radiographs or 
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CT scans. Although involvement of the mediastinal structures 
is most commonly caused by contiguous spread of infection 
from adjacent lung, radiologic features of the pulmonary in- 
volvement may be less apparent, and patients may exhibit 
signs limited to mediastinal disease. However, in patients who 
have a mediastinal mass and signs and symptoms including 
fever, malaise, anorexia, and chest pain, actinornycosis 
should remain on the list of differential diagnoses, especially 
if chest wall involvement or other manifestations of thoracic 
actinomycosis are present. 
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Book Review 


Diagnosis of Diseases of the Chest, 3rd ed., vol. Ill. By Robert G. Fraser, J. A. Peter Pare, P. D. Pare, Richard 
S. Fraser, and George P. Genereux. Philadelphia: Saunders, 831 pp., 1990. $85 


This volume covers pulmonary thromboembolism, pulmonary hy- 
pertension and edema, diseases of the airways, pneumoconioses, 
and diseases of aspiration. It is organized into a small number of 
heavily illustrated and massively documented chapters, with an intro- 
ductory glossary of terms and a comprehensive bibliographic index 
by author. The style is serious but quite readable, and the proofread- 
ing was exceptionally accurate. 

The subject index applies to this volume only and is not quite so 
complete as is the coverage of the text. For example, Kartagener 
syndrome is discussed but not indexed. Synonyms given in the text 
typically are not found in the index, a significant deficiency. Cross- 
referencing within the volume also could be more thorough. This 
creates problems with conditions that fall under two headings, such 
as pulmonary hypertension caused by thromboembolism, or that are 
mentioned in one context but presented elsewhere in the book, such 
as pulmonary venocclusive disease. 

The authors have focused on diseases of the chest, with new 
emphasis on pathophysiology. Imaging no longer is the primary topic, 
but it is probably still the best part of the book because it is presented 
more completely than are the other features. The treatment of some 
conditions, such as adult respiratory distress syndrome, is excellent. 
The radiographs and photomicrographs are nearly all fine in quality; 
regretfully, few of the lung CT scans are high-resolution scans, and 
many use narrow windows for the lungs, which distorts the appear- 
ance of the parenchymal structures. This book also may contain the 
last documentation of representative conventional tomograms of the 
lung. 

The comprehensive nature of the text is both good and bad. It is 
an excellent source of references that then can be used with the 1.S.1. 
Citation Index to find the most recent references. It briefly describes 
clinical and pathophysiologic aspects of disease, so that the reader 
can understand the radiologic manifestations. However, the book has 
a surplus of information. Too many nondefinitive research articles are 
cited. Many sections sound like literature abstracts rather than text- 
book chapters; the authors have failed to weed out the inessential or 
make use of their informed judgment. 

The organization of chapters also is a problem. Topics and sub- 
topics are interleaved with detailed information so that important 
material that applies to an entire topic may be found under one of the 
subtopics. For example, the criteria for the radiologic diagnosis of 
pulmonary arterial hypertension are found in the section on primary 
pulmonary hypertension. This is probably a result of the rewriting of 
sections of chapters without maintaining the entire structure in mind. 


This means that studying a general topic will require reading through 
a good part of the chapter. 

Some of the physiology presented is oversimplified or incomplete. 
For example, pulmonary vascular resistance is given in the simple or 
obsolete terms of millimeters of Hg/liter/minute, the diagram misuses 
the term “pressure flow curve,” and the formula omits absolutely 
necessary parentheses. The concept of negative interstitial pressure 
misses the mark. | missed any systematic discussion of the factors 
that affect vascular caliber, as perceived on the radiograph. In the 
extensive section on pulmonary edema, the classification omits renal 
failure. The role of pulmonary venous thrombosis in the pathogenesis 
of edema accompanying pulmonary embolism is not mentioned. 

As noted, the pathologic changes are beautifully illustrated, but 
rather incompletely. For example, for bronchiolitis obliterans, only the 
pathologic changes of bronchiolitis obliterans with organizing pneu- 
monia are shown, not the equally important focal bronchiolitis obiiter- 
ans found in Swyer-James-MacLeod syndrome, despite the consid- 
erable space given to that condition. | also wish that the low-power 
photomicrographs had a scale marking on them to facilitate radiologic 
correlation. Silo-filler’s lung is not mentioned even though bronchiolitis 
from toxic gases is discussed. In the discussion of bronchiectasis, 
associated nonspecific radiologic findings are quoted again (since the 
first edition), without describing definitive plain film findings. The 
reliability of CT in the diagnosis also is treated with undue conserva- 
tism. 

The authors have embarked on a new definition of chronic obstruc- 
tive pulmonary disease, which is an important step, but it leads to 
some internal contradictions, as parts of the text retain the older 
terminology. Emphysema still finds itself in the chapter on diseases 
of the airways even though it is not one; this traditional linkage has 
not been overcome. 

This book should be available in every radiology department's 
library. it is not well structured for cover-to-cover reading; it is too 
bloated with unselective references. It is not a substitute for a 
physiology book or a lung pathology text, and it is too comprehensive 
to serve as a primary text for chest roentgenology. Despite the 
problems cited, everyone who wants to look up something about the 
radiology of lung disease should use it. 


Paul J. Friedman 
University of California, San Diego, Medical Center 
San Diego, CA 92103 
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Calcification in Non-Hodgkin Lymphoma Occurring Before 
Therapy: Identification on Plain Films and CT 


Everett M. Lautin,’ Marjorie Rosenblatt,’ Arnold C. Friedman,” Richard D. Becker,’ Frank B. Fromowitz,° and 


Walter Neglia' 4 


Radiologically demonstrable calcification in lymphoma is 
nearly always associated with previous therapy, usually radia- 
tion therapy but sometimes chemotherapy [1]. Pretreatment 
calcification in both Hodgkin and non-Hodgkin lymphoma has 
been reported and is often associated with hypercalcemia 
[2]. Our case involves calcification of a large mediastinal non- 
Hodgkin T-cell lymphoma in a normocalcemic patient before 
therapy. 


Case Report 


A 41-year-old previously healthy man had dyspnea on exertion. 
Physical examination revealed no lymphadenopathy. Laboratory stud- 
les showed thrombocytopenia, leukopenia, and normal serum levels 
of calcium and phosphate. Chest radiographs showed a large mass 
involving the anterior, middle, and posterior mediastinum. Faint cal- 
cification in the mass was visible. CT showed amorphous Calcification 
within the mass (Fig. 1). 

Pathologic study of the open-biopsy specimen from the mediastinal 
mass revealed diffuse, mixed-cell, non-Hodgkin lymphoma. Erythro- 
cyte rosette assay was positive and surface immunoglobulin assay 
was negative in 83% of the tumor cells, indicating a T-cell Origin of 
the tumor. Electron microscopy confirmed the diagnosis of lym- 
phoma; neither electron microscopy nor antikeratin antibody immu- 
noperoxidase staining showed any evidence of an epithelial origin. 
Atypical lymphoid cells were present in an aspirated sample of bone 
marrow, further supporting the diagnosis of non-Hodgkin lymphoma. 


Received January 11, 1990; accepted after revision April 12, 1990. 


None of the pathologic studies showed any evidence that the me- 
diastinal tumor was a thymoma, teratoma, or a metastatic nonlym- 
phomatous tumor. Autopsy (approximately 3 weeks after commence- 
ment of chemotherapy and 6 weeks after admission) showed a 
massive mediastinal tumor with extensive necrosis, fibrosis, and 
calcification. Histologic features at autopsy were similar to those of 
the surgical specimen. In neither instance were Reed-Sternberg cells 
identified. The calcification was dystrophic, associated with tumor 
necrosis in both the surgical and autopsy material. 


Discussion 


Calcification in Hodgkin lymphoma after radiotherapy is a 
well-known phenomenon; one series reported a prevalence 
of calcification in 8% of lymph nodes [1]. Calcification in 
Hodgkin lymphoma after chemotherapy [3] also has been 
described occasionally. More unusual is the occurrence of 
lymph node calcification in patients after treatment for non- 
Hodgkin lymphoma; reports of only five cases were found in 
the literature [4]. 

Calcification in lymphoma before treatment is extremely 
rare. It has been reported in cases of Hodgkin and non- 
Hodgkin lymphoma, sometimes in conjunction with hypercal- 
cemia [2]. A case of calcification in retroperitoneal Hodgkin 
lymphoma was described in 1956 [5], and another case report 
in 1983 [6] described calcification in mediastinal Hodgkin 
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Fig. 1.—A-C, Mediastinal calcified non-Hodgkin lymphoma in a 41-year-old man. Unenhanced CT scans at level of upper (A) and mid (B) thorax show 
a large mediastinal mass with fairly extensive calcification. Discrete lymphadenopathy is seen to left of trachea on A. Posteroanterior chest radiograph 


(C) shows faint calcification (arrows) within large mediastinal mass. 





A 


disease; serum calcium level was not mentioned in either 
report. Most recently, calcification on a chest radiograph was 
reported in a case of mediastinal Hodgkin disease in a patient 
with “unremarkable” laboratory tests [2]. Our case may be 
the first reported of non-Hodgkin lymphoma with pretreatment 
calcification and documented normal serum levels of calcium. 
Lymphoma therefore initially was considered unlikely in view 
of the plain film and CT demonstration of substantial calcifi- 
cation within the mass. We have since encountered a second 
case of calcification depicted on CT before therapy in a 
normocalcemic patient with retroperitoneal, follicular, small- 
cleaved-cell non-Hodgkin lymphoma (Fig. 2). 

The number of patients with detectable pretreatment cal- 
cification in lymphomatous masses might increase with CT 
evaluation, but this is not yet evident in the literature. Some 
types of T-cell lymphoma have been associated with disor- 
dered calcium metabolism, thought to be related to an osteo- 
clast-activating factor produced by the tumor [7]. In addition, 
lymph node infarction is a known occurrence in non-Hodgkin 
lymphoma [8]. Either abnormal calcium metabolism or infarc- 
tion could, therefore, cause calcification in lymphoma. Calci- 
fication within an untreated mediastinal or retroperitoneal 
mass in a patient with normal serum levels of calcium tradi- 
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Fig. 2.—Retroperitoneal calcified non-Hodg- 
kin lymphoma in a 31-year-old man. 

A, Enhanced CT scan shows a large right- 
sided retroperitoneal mass near aortoiliac bifur- 
cation. Faint punctate calcification is present 
anteriorly (arrow) within mass. 

B, Unenhanced CT scan obtained 2 months 
after A shows growth of mass and more exten- 
sive calcification. Patient had not had treatment 
during this interval. 


tionally leads to consideration of diagnoses other than lym- 
phoma. As evidenced by the previously described cases, the 
possibility of lymphoma should not be rejected merely be- 
cause of calcification. 
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Development of Pulmonary Histiocytosis X After 
Chemotherapy for Hodgkin Disease 


Dean J. Shanley,’ Kraig S. Lerud,? and Thomas J. Luetkehans’ 


Histiocytosis X refers to a group of diseases sharing the 
Same underlying pathologic process: an abnormal proliferation 
of histiocytes. Letterer-Siwe disease, Hand-Schiiller-Christian 
disease, and eosinophilic granuloma represent the various 
forms of this condition and can be distinguished by their 
clinical presentation and severity. Multiple organ systems are 
usually involved, including the CNS, the bony skeleton, the 
lungs, and the gastrointestinal and genitourinary systems. 
Primary involvement of the lungs is an unusual presentation 
of this disease and is referred to as pulmonary histiocytosis 
X [1, 2]. Two cases of pulmonary histiocytosis X have been 
reported in patients with Hodgkin disease after radiation 
treatment and chemotherapy [3]. We report a case of pul- 
monary histiocytosis X in a patient with Hodgkin disease 
treated only with chemotherapy. To our knowledge this is the 
first documentation of this condition in a patient who did not 
receive a combination of irradiation and chemotherapy for 
Hodgkin disease. 


Case Report 


This 18-year-old woman complained of increasing shortness of 
breath and a persistent cough productive of small amounts of green 
sputum during the past 3 weeks. Approximately 18 months before 
this evaluation, stage IIIB nodular-sclerosing Hodgkin disease was 
diagnosed in this patient. Palpable supraclavicular adenopathy was 
present at that time and a chest radiograph showed mediastinal 
adenopathy. The patient was treated with eight courses of mechlor- 
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etamine, Oncovin (Lilly, Indianapolis, IN), procarbazine, prednisone 
(MOPP) and Adriamycin (Adria, Dublin, OH), bleomycin, vinblastine, 
dacarbazine (ABVD). 

After completion of the chemotherapy, findings on the patient's 
chest radiograph returned to normal. A chest radiograph was ob- 
tained in light of her current complaints and showed a diffuse retic- 
ulonodular pattern throughout both lung fields without evidence of a 
pleural effusion or mediastinal adenopathy (Fig. 1A). The radiologic 
findings suggested recurrent Hodgkin disease or an opportunistic 
infection due to her immunocompromised state. 

Bronchoscopy was subsequently performed, and multiple trans- 
bronchial biopsies were performed but proved to be nondiagnostic. 
The patient then underwent an open lung biopsy to establish a 
definitive diagnosis. Microscopic evaluation revealed a nodular prolif- 
eration of large histiocytic-appearing cells with convoluted nuclei that 
had features typical of histiocytes when stained with monoclonal 
lymphoid markers (Fig. 1B). Sections stained with S-100 protein also 
revealed intense immunostaining of the large histiocytic cells, char- 
acteristic of histiocytosis X cells. An associated inflammatory infiltrate 
was present, composed of scattered eosinophils, lymphocytes, 
plasma cells, and “smoker's macrophages” (Fig. 1C). Further evalu- 
ation of the histiocytic-appearing cells with electron microscopy 
showed Birbeck granules within the cell cytoplasm, confirming their 
identity as Langerhans cells and the diagnosis of pulmonary histio- 
cytosis X [4]. No evidence of extrapulmonary involvement was found. 
The patient is doing well after 4 months of follow-up and has not 
required any specific therapy. Chest radiographs obtained during the 
4-month follow-up have shown spontaneous improvement in the 
diffuse reticulonodular pattern with clearing predominantly in the 
upper lung fields. 
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Fig. 1.—A, Chest radiograph obtained for complaints of shortness of breath and protracted coughing shows a diffuse, bilateral reticulonodular pattern. 
Findings on radiograph obtained 7 months earlier, on completion of chemotherapy for Hodgkin disease, were normal. Subsequent open lung biopsy 


confirmed a diagnosis of pulmonary histiocytosis X. 


B, Low-power magnification (x10) of biopsy specimen shows a nodular proliferation of histiocytosis X cells. Surrounding alveolar spaces are present. 
C, Higher-power magnification (x40) of biopsy specimen shows numerous histiocytosis X cells (arrows) with convoluted, reniform nuclei. Scattered 


eosinophils (arrowheads) also are present. 


Discussion 


The development of pulmonary histiocytosis X after treat- 
ment for Hodgkin disease was first reported by Sajjad and 
Luna in 1982 [3] in two patients who received radiation and 
chemotherapy. Both patients had nodular-sclerosing Hodgkin 
disease and received MOPP or cyclophosphamide, Oncovin, 
procarbazine, prednisone (COPP) with ABVD and intensive 
radiation therapy. Development of pulmonary histiocytosis X 
also has been reported in a patient receiving combination 
therapy for a non-Hodgkin lymphoma [4]. 

The combined immunosuppressive effects of the chemo- 
therapy and radiation were felt to be responsible for the 
abnormal proliferation of histiocytes in these patients. Al- 
though the exact mechanism is not known, our case shows 
that chemotherapy alone can result in the development of 
primary pulmonary histiocytosis X and suggests the immu- 
nosuppressive effects of radiation may be less important in 
the development of this disorder. 

The course of the disease is highly variable, and most 
patients experience spontaneous remission [5, 6]. Symp- 
tomatic relief can usually be achieved with steroid therapy, 
lending support to the theory that pulmonary histiocytosis X 
is a reactive or hypersensitivity process rather than a neo- 
plastic process [4, 7]. 

The chest radiograph will usually reveal a diffuse reticulo- 
nodular pattern, with the micronodules measuring 2-5 mm in 
diameter. Pulmonary cysts are common also and are typically 


less than 1 cm in diameter. The radiologic changes show an 
upper-lung-field predominance, usually sparing the bases and 
the cardiophrenic angles [8]. Progression to pulmonary fibro- 
sis is not uncommon and a honeycomb appearance prepon- 
derantly involving the upper lung fields suggests the diagnosis 
of pulmonary histiocytosis X. Pleural effusions and mediastinal 
adenopathy are generally not present. Considerable variability 
in the radiologic appearance of pulmonary histiocytosis X has 
been reported and depends on the chronicity of the condition. 
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Canadian National Breast 
Screening Study: Assessment of 
Technical Quality by External Review 





Mammograms from the Canadian National Breast Screening Study (NBSS) were 
reviewed by three external experts to provide an objective evaluation of their technical 
quality, to establish a model for auditing mammograms in a screening program, and to 
assess whether NBSS mammograms improved over time. The sample reviewed included 
10 randomly chosen mammograms from each of 15 screening centers for each calendar 
year of their operation between 1980 and 1987. All 830 mammograms were reviewed 
on two consecutive days in randomized sequence by each reader, and rated 0~3 for 
each of four criteria including positioning and image quality, with a total possible score 
of 0-12. Although the mammograms were not in temporal sequence when reviewed, the 
scores assigned by each reader were significantly higher for mammograms dating from 
later years. Subjects’ ages at entry (40-49 vs 50-59 years) did not affect the score. The 
largest increase in scores was associated with a 1985 protocol change in which 
mediolateral oblique positioning replaced straight mediolateral positioning. This study 
reinforces the importance of monitoring technical quality in screening programs and 
establishes that the NBSS benefited from technical improvements during its operation. 

A retrospective review of NBSS mammography by three external reviewers contirmed 
that technical quality improved from 1980 to 1987. This improvement was associated 
with improved technology (film, processing, and units) and with the quality assurance 
programs operating during the NBSS, which identified problems and offered remedies. 
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The Canadian National Breast Screening Study (NBSS) [1] is a randomized 
controlled trial posing important research questions that have not been addressed 
elsewhere. Its results will have a major impact on screening policy in at least 
several countries. The current study was undertaken to provide objective evidence 
about the technical quality of NBSS mammography, establish a model for auditing 
quality in a screening program, and show that the technical quality of mammography 
in the NBSS has improved significantly over time. 

The two primary research questions are (1) In women from 40 to 49 years oid 
when entering the study, how much do four or five annual examinations by two- 
view mammography and physical breast examination reduce breast cancer mor- 
tality compared with control women who receive only a single physical breast 
examination? (2) In women from 50 to 59 years old on entry, how much does 
annual two-view mammography in combination with physical breast examination 
reduce breast cancer mortality compared with annual physical breast examination 
and no mammographic examination [1]? All women were instructed in breast self- 
examination at every screening examination [2]. Screening began in 1980 and 
ended in early 1988. Table 1 shows the number of centers operating and the 
number of mammography screening examinations performed per year. 

The NBSS is unique in several respects when compared with other major trials 
of screening [3-8]. It operated in 15 centers, four in French-speaking and 11 in 
English-speaking communities, spread across Canada from the Atlantic to the 
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TABLE 1: Number of Centers Operating and Women Screened by Calendar Year 


1980 1981 

No. of centers 2 5 

No. of women undergoing 2886 8034 
mammography 


14,692 23,787 36,781 


1982 1 983 1984 1985 1986 1987 


11 15 15 15 15 
36,575 31,563 22,691 


enn 


Pacific; participants were individually randomized to their 
screening protocol; control subjects received diagnostic mam- 
mography if required; and from the beginning, external ex- 
perts in mammography, other than those involved in the 
current review, were consulted to review NBSS mammo- 
grams. NBSS mammography units varied from center to 
center (Table 2). 

Because the NBSS is uniquely able to provide new infor- 
mation about breast screening and because the quality of 
NBSS mammography had been questioned by some experts 
who regarded some of the mammograms as suboptimal, it 
was decided that an impartial retrospective review of a rep- 
resentative sample of NBSS mammograms should be under- 
taken by three experts who had had no prior involvement in 
the study. Three of the authors carried out this review. 


Materials and Methods 


Ten mammograms were randomly chosen for each calendar year 
of operation from each of the 15 NBSS centers. To stratify by age, 
five women 40-49 years old at entry and five women 50-59 years 
old at entry were chosen for each calendar year. The sample was 
drawn from the initial 6 months of operation of each center's first 
operational year. For subsequent years, the sample was drawn from 
the period April to September. The final year sampled was 1987, 
although centers 6~15 operated for 3-6 months in 1988. in all, 830 
mammograms from examinations performed between January 1980 
and September 1987 were collected for review. 

All films were checked to verify identification numbers and dates. 
Random numbers were then appended to the master list of verified 
mammograms, ensuring that the cases would be randomized with 
respect to calendar year, subject's age at entry, and center. identi- 
fying marks (calendar year, subjects’ ages, and center) on each film 
were then covered by applying opaque labels to both sides of each 
film. The appropriate random number was entered on the masking 
label so that each fiim was newly numbered. The films were placed 
in similarly numbered envelopes that were then sequentially ordered 
for review. All films were reviewed by each reader, although each 
reader began at a different point in the sequence. 

A qualitative and subjective procedure for scoring technical quality 
had evolved from previous NBSS experience with external reviews 
and was based on rating each case on four criteria: craniocaudal 
positioning, straight mediolateral or mediolateral oblique positioning, 
contrast and density, and image quality. At the request of the current 
reviewers, a fifth criterion was added, a “global” score. Each criterion 
was scored 0, 1, 2, or 3 for poor, fair, satisfactory, and good, 
respectively. Thus the maximum score obtainable applying four cri- 
teria per case was 4 x 3 = 12 and the worst was 0. The reviewers 
decided that a rating of poor or fair indicated a technically unaccept- 
able mammogram. 

in 1980 when the NBSS was initiated, the protocol required straight 
mediolateral positioning. It was not until 1985, when all first screening 
examinations had been completed, that a change to mediolateral 
oblique positioning was made, following a recommendation by the 


TABLE 2: Mammography Equipment in Canadian National 
Breast Screening Study Centers 


a 0 A NE SALE a IT IT A OL LOOT a OE Ca 


Date 


Center Upgraded Unit 


1980 CGR/Seno-1° 
1981 CGR/Seno-1° 
1981 Picker/Mammorex‘ 
Eiscint/Mam-1° 


CONOR WD wm 
oh 
WO 
oO 
anh, 


1983 Picker/Mammorex® CGR/500T (1/1987) 
1983 Siemens/Mammomat B° 
1983 CGR/Seno-1° CGR/500T (7/1987) 
CGR/600T (11/1987) 
9 1983 CGR/Seno-FX° 
10 1983 Picker/Mammorex‘ CGR/500T (1987) 
11 1983 CGR/Seno-1° 
12 1984 CGR/500T° 
13 1984 Siemens/Mammomat B® 
14 1984 CGR/500T° 
15 1984 CGR/Seno-FX°® CGR/500T (1985) 


Fa a NL) 
® Shelton, CT. 
? Paris, France. 
€ Highland Heights, OH. 
1 Boston, MA. 
* Erlangen, West Germany. 


policy advisory group that monitored the conduct of the study. (By 
January 1, 1985, 6% of participants had completed all scheduled 
screening, and 14, 25, 40, and 14% were eligible to have one, two, 
three, and four more mammography examinations, respectively.) The 
current reviewers decided that all films would be judged by “1988 
standards": namely, all lateral views should be oblique, visualizing 
substantial amounts of pectoral muscle and the axillary tail of the 
breast. The oblique projection, however, was not used routinely by 
most U.S. mammographers even in 1983 [9]. 

The parameters for contrast and density were subjective. Good 
contrast with strong whites and blacks was desirable, but not to the 
extent that details would burn out. The parameters considered for 
image quality excluded positioning and included sharpness, film- 
screen contact, screen or processing artifacts, image distortion, and 
dirt. Finally, the global score was a subjective amaigamation of the 
four preceding criteria into one rating. 

The review was held in a darkened room equipped with two 
Mammo-Viewers (Diversified Diagnostic Products Inc., Houston, TX) 
and one four-over-four, 14 x 17 in. film illuminator. Consensus on 
scoring was reached by viewing 20 test cases jointly, by rereading 
them independently, and then by discussing interobserver agreement. 
independent rating of the main sample by three reviewers took two 
consecutive days and was interrupted by two test reviews, each 
consisting of 10 test cases, for a total of 20 cases that were not part 
of the main sample. Each test review assessed interobserver agree- 
ment among the three readers. When the main sample had been 
completely read, 45 cases (the first five in each group of 100 sequen- 
tially numbered) were reread to test intraobserver agreement. 

During the review, complete scoring for each case by all three 
reviewers was not achieved in five main sample cases and one case 
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in the intraobserver matched sample either because of reviewer error 
or because films were lost in the Mammo-Viewer after incorrect 
loading. 

To answer the question, “Did the technical Quality of the films 
change over time?” a chi-square test for trend was used [10]. Trend 
was examined both by calendar year and year of operation for all 
centers and by grouped centers. Kappa statistics were applied to 
measure agreement among and within observers [11]. The two age 
groups were compared with a chi-square test for trend [10] to 
determine whether subject's age affected technical quality. 


Results 


Table 3 displays the percentage of mammograms assigned 
Satisfactory scores (22) combining readers by center over 
Calendar time for each of the first four criteria. Except for the 
craniocaudal view, which began with a very high proportion 
of satisfactory scores, proportions were higher in 1987 than 
in the initial year of operation. The improvement seen in the 
mediolateral oblique scores when comparing 1984 with 1985 
coincides with the 1985 recommendation to use mediolateral 
oblique views rather than straight mediolateral views. The 
substantial further improvement observed when comparing 
1985 with 1986 is explained by technical problems that de- 
layed implementation of the new recommendations in some 
centers. 

Global scores closely paralleled those for mediolateral 
oblique positioning (Fig. 1). The proportions of Satisfactory 
scores (22) for both the mediolateral oblique criterion and the 
global score increased linearly over time (p < .001 ). 

Changes in scores over time for each reader were looked 
at in two different ways. Figure 2 shows that each reader 
assigned higher scores as calendar time progressed with no 
consistent effect of subjects’ ages at entry on score. (The 
1980 sample included only 20 mammograms.) A chi-square 
test for trend [10], based on dichotomizing the total scores 
(1-7 and 8-12), revealed an increasing proportion over time 
of scores of 8 or higher, which was Statistically significant 
(p < .0001) and linear. As the relationship of calendar year to 
year of operation was not homogeneous for 13 of the 15 
centers, changes in score by year of operation also were 
examined. Again significant improvement was seen when 
comparing early with late mammograms for each reader (chi 
Square, p < .01); however, calendar year appeared to influ- 
ence scores more than year of operation. Proportions of 
scores of 8-12 did not differ significantly when comparing 
women 40-49 years old at entry with those 50-59 years old 
at entry, 

Centers were ranked in tertiles to reflect level of technical 
excellence. in the upper tertile fell centers 1, 6, 9, 13, and 15; 
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in the middle tertile feli 2, 10, 11, 12, and 14; and in the lower 
fell 3, 4, 5, 7, and 8. Scores within each tertile significantly 
improved over time for two readers out of three (p < 00001, 
chi-square for trend). Combining readers, the mean scores 
for the upper, middie, and lower tertiles were 7.36, 6.24, and 
6.50 at year of opening compared with 9.92, 8.98, and 8.68 
in 1987, respectively. 

Multivariate analysis of mammography scores by using a 
log linear model also was performed [12]. Scores increased 
significantly over time. Centers in the upper tertile displayed 
a greater improvement over time than did those in the lower 
tertile. 

Measures of the percentage of interobserver agreement 
were obtained in three combinations (observer 1 with ob- 
server 2, 2 with 3, and 1 with 3) for the five criteria rated. 
Agreement ranged from a low of 41.7% to a high of 54.1% 
for the ratings on the craniocaudal view: from 53.8% to 58.3% 
for the mediolateral view; from 45.6% to 47.6% for contrast 
and density; from 42.5% to 48.5% for image quality; and from 
94.8% to 59.4% for global score. Kappa statistics were 
estimated to determine the amount of agreement that oc- 
curred between observers above and beyond that due to 
chance [11]. No kappa observed indicated more than fair 
interobserver agreement. The highest kappas, 0.32-0.37 
(p < .0005) occurred for the criterion of mediolateral oblique 
positioning. (Perfect agreement yields kappa = 1 

However, the percentage of intraobserver agreement was 
much higher than the percentage of interobserver agreement. 
Percentage of intraobserver agreement was estimated by 
offering the reviewers 44 cases to review again, making it 
possible to compare ratings each one had assigned to the 
same case before. intraobserver agreement was best for the 
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Fig. 1.—Scores from the three readers were combined for mediolateral 
oblique (MLO) positioning and for the global score. Possible scores for 
each criterion were 0-3, with 0 indicating poor and 1, fair. Proportion of 
Scores greater than 1 increased with succeeding calendar yours. 


TABLE 3: Percentage of Mammograms with Satisfactory Scores (22) for Each Criterion by 


Calendar Year 


= Criteria o 1980 1981 1982 __ 1983 1984 1985 E 1986 ee 1987 E 
. Craniocaudal view 98 92 93 93 96 95 98 98 
E Mediolateral oblique view 35 28 28 37 39 61 85 90 
Contrast and density 63 56 66 66 72 T9 89 89 


Image quality 50 49 55 60 64 68 85 85 
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Fig. 2.—A-C, Scores for reader 1 (A), reader 2 (B), and reader 3 (C) increased significantly over time as reflected by proportion of scores exceeding 
7 tor each calendar year. A total score of 0-12 was possible, summing scores for four criteria. 


global score (72.7%, 72.7%, and 88.6%) and for the mediola- 
teral view (63.6%, 70.5%, and 77.3%). For the craniocaudal 
view it was 61.4%, 68.2%, and 72.7%; for contrast and 
density it was 47.7%, 54.5%, and 61.4%; and for image 
quality it was 50.0%, 56.8%, and 72.7%. When intraobserver 
agreement was evaluated by using kappa, it was best for the 
global and mediolateral oblique criteria. Kappas ranged from 
0.50 to 0.79 for the global score and from 0.47 to 0.61 for 
the mediolateral oblique criterion (p < .002). 


Discussion 


Between 1980 and 1987, the NBSS invited experts from 
the United States, England, and Sweden to evaluate its 
mammograms. These reviews were used to supplement the 
ongoing internal quality control procedures conducted by D. 
V. McFarlane, the reference radiologist [13, 14] and by M. 
Yaffe, the reference physicist. The monitoring by the reference 
physicist involved a mailed survey four times per year and 
annual site visits. The mailed survey monitored exposure for 
the “average” craniocaudal view; beam quality; speed, con- 
trast, and fog parameters of the film processing; and overall 
image quality. Among the problems identified early in the 
NBSS by this quality assurance program were processor 
speed variations, dark room fogging, improper film loading. 
and oxidized X-ray beam filters. The benefits were improved 
uniformity in image quality and reduced radiation doses [15]. 
The results of the current review independently confirm that 
the technical quality of NBSS mammograms improved over 
time; 49-75% of mammograms received satisfactory scores 
(=2) between 1980 and 1985 for contrast and density, and 
image quality. The proportions of mammograms with satis- 
factory scores rose to 85-89% in 1986 and 1987. Clearly a 
significant improvement in technical quality occurred. 

The improvements observed are explained by several fac- 
tors. One is the learning curve phenomenon. Each center's 
scores, with one exception, improved over time. (Center 5, 
which remained stable over time, was hampered by its mam- 
mography unit, which burned out 21 tungsten tubes during 
the screening program, thus interfering with scheduling and 
morale, and producing low-contrast mammograms.) The sec- 
ond major factor was the technological changes that occurred 
in the 1980s. Centers that began in the mid 1980s with new 


units (12, 13, 14, and 15) or centers that acquired new 
equipment in the course of their operation (6 and 10) were at 
an advantage over centers that bought new equipment in 
1980 (1) or second-hand equipment in 1981 (3). Grids only 
became available to the centers toward the end of the study. 
However, even centers with less than optimal equipment were 
able to benefit from technological improvements of the 1980s 
such as better film and better processing, under the guidance 
of the reference physicist [15], and from procedural improve- 
ments such as better positioning. 

Other factors, however, also have influenced the technical 
quality of mammography in the NBSS. In the early 1980s, 
concern was rampant about the medical use of radiation, and 
much higher priority had to be given to reducing radiation 
dose than to improving image quality. The reference physicist 
frequently proposed technical modifications in the early years 
to reduce radiation dose. Furthermore, when a screening 
program operates in 12 cities with eight types of mammog- 
raphy units and a constantly changing roster of radiographers, 
technical consistency becomes elusive. Unquestionably, a 
positive influence was exerted on technical quality by a major 
attitudinal change that occurred in the 1980s. The lay public 
and community physicians became much more accepting of 
mammography; technologists increasingly realized that ex- 
cellent mammography requires skill and commitment; and the 
radiologic community learned to demand high standards for 
screening mammography. 

At this time, only one other published external mammog- 
raphy review for a major screening program has been found. 
Eight international experts reviewed 25 cases from the 
Utrecht screening project (DOM), but the purpose was to 
evaluate diagnostic agreement, not technical quality [16]. The 
Breast Cancer Detection Demonstration Project (BCDDP) 
underwent external reviews for both film quality and patho- 
logic interpretation; although instituted in about the third year 
of operation, no report of these reviews has been published 
(M. Moskowitz, personal communication). 

With respect to NBSS diagnostic performance, estimates 
of sensitivity and specificity of first screening mammography 
have been reported before. For centers 1-5 (which opened 
in 1980 and 1981), sensitivity was 69% and specificity was 
94% [17], and for centers 1-15, sensitivity was 75% and 
specificity was 94% [18]. Centers 6-15 opened in 1983 and 
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1984 and achieved a sensitivity of more than 80% for ail 
mammograms arising from the initial screening examination. 

In spite of the effort made to achieve standardization during 
the review, the relatively poor interobserver agreement is 
probably neither unexpected nor important. Although the 
three reviewers may not have scored mammograms identi- 
cally, the trend to increased scores over calendar time was 
consistent in all three. What is reassuring is that intraobserver 
agreement was much better. 

The NBSS experience shows the importance of monitoring 
the technical quality of mammography in screening programs 
whether local or national, public or private. It has set a 
precedent by incorporating three levels of quality assurance, 
each of which revealed improvement with time as the NBSS 
responded to technological change. Two levels, the reference 
physicist [15] and the reference radiologist [13, 14], func- 
tioned while the NBSS was in progress. Although the results 
from the external review reported here are derived from a 
retrospective study, a similar process could equally well be 
applied to a program in operation. it would be of great interest 
were other screening trials and programs to report similar 
external reviews for comparison purposes. 
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Commentary 


The Canadian Screening Program: A Different Perspective 


Daniel B. Kopans’ 


Despite the marked increase in mammographic screening 
to detect clinically occult, earlier-stage breast cancers, con- 
troversies remain concerning the efficacy of screening [1]. 
The questions center on who should be screened, at what 
age screening should begin, what is the appropriate interval 
between screenings, and what is the relative contribution of 
physical examination vs mammography. It had been hoped 
that the Canadian screening trial would settle many of these 
issues. The results of the audit, summarized in the preceding 
article [2], unfortunately raise significant questions concerning 
the quality of the mammography in the Canadian trial and 
place the validity of the ultimate conclusions from that trial in 
doubt. The structure of the presentation of the data is used 
to show that the quality of mammography improved over 
time. As one of the independent reviewers, | can attest that 
this was indeed the case. What is not as obvious, but never- 
theless is evident in the tabular summaries, is the discourag- 
ing fact that almost 50% of the mammograms obtained during 
the first 2 years of screening were judged to be unsatisfactory, 
and it is not until the final 2 years that satisfactory image 
quality was achieved in over 70% of the screenings. The 
paper suggests that the initial low scores were primarily due 
to the failure to use the then “new” mediolateral oblique 
projection [3]. Two of the reviewers, in fact, felt that it was 
the sharpness, contrast, and overall quality of the mammo- 
grams that was judged to be poor. 

The results of this audit do show that in a study of this 
magnitude the quality of the test being evaluated should be 
assured from the outset. The Canadian sites were not re- 
quired to have “state-of-the-art” equipment, and there was 
little or no training for the radiologists or technologists. As 
stated in the article, second-hand, suboptimal units were 


This article is a commentary on the preceding article by Baines et al. 


permitted in several sites. The argument was made that this 
reflected the conditions in Canada and the United States at 
the time. This was an unfortunate decision. The issue that 
needs resolution is not whether poor quality mammography 
is useful, but rather whether appropriate equipment and 
skilled screeners can have an impact on breast cancer mor- 
tality. 

The paper expresses satisfaction in the fact that external 
advisors were asked to objectively evaluate the program, and 
it is to the credit of the program organizers that they permitted 
outside monitoring of the trial. What has not been revealed, 
however, is that at least two of these advisors, recruited 
during the early years of the trial, resigned because one was 
not even permitted to view the images, and the other's 
recommendation to improve image quality was not heeded 
earlier (W. Logan and S. Feig, personal communication). 

Unfortunately enormous amounts of time, effort, and ex- 
pense have gone into the Canadian trial. The fact is that 
because of poor mammography the results of this trial will 
always be suspect. Any data from this trial must be carefully 
considered in the light of this audit, because the power of the 
study may be sufficiently compromised to be insufficient to 
provide reliable results. When the data are published, we 
must all look carefully at the size of the invasive tumors 
diagnosed in both study and control groups, their histologic 
grade, nodal status, and overall stage. Early mortality effects 
will be influenced by the percentage, number, size, and overall 
stage [4] of the invasive cancers detected by screening 
compared with controls. The percentage missed by screen- 
ing, as expressed as interval cancers, will give additional 
information on the sensitivity of the threshold for detecting 
small cancers with the poor quality mammography available. 
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As the detection of ductal carcinoma in situ is likely to affect 
long-term mortality, these lesions should be considered sep- 
arately. 

As was done in assessing the results of the Breast Cancer 
Detection Demonstration Project [5] and the Swedish two- 
county study [6], we should look for clues to future mortality 
reduction in the proportion of invasive cancers smaller than 1 
cm that were detected. Studies have shown that this is an 
achievable goal (in the same time encompassed by the Ca- 
nadian trial). In our own screening series collected between 
1978 and 1989, 58% of the invasive cancers detected by 
mammography alone were diagnosed while less than 1 cm 
(Massachusetts General Hospital Breast Imaging Division, 
unpublished data). Sickles et al. [7] have detected a similar 
proportion of smail invasive cancers as did the Swedish two- 
county study. It is against these numbers that the Canadian 
trial must be measured. This will give additional information 
concerning the ability of the suboptimal mammography used 
in this trial to detect small invasive cancers and thus affect 
mortality. 

The decision to use the then “current” level of mammo- 
graphic quality as a measure of efficacy was ill conceived. It 
is clear to those performing mammography that image quality 
can be improved in all mammography settings. Such pro- 
grams as the American College of Radiology’s accreditation 
program and the numerous postgraduate education efforts in 
breast imaging have already had a marked impact on improv- 
ing the general quality of mammography in the United States 
and Canada. The study should have been designed to test 
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the efficacy of high-quality mammography. It may be that the 
Canadian trial will provide some unexpected benefit. On the 
basis of the assessment presented in the accompanying 
article, it is likely that the Canadian data may ultimately 
confirm the fact that poor-quality mammography, performed 
and interpreted by technologists and radiologists learning as 
they go along, may not have significant impact on cancer 
mortality and, therefore, will reinforce the need to perform 
high-quality studies. 
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Computerized Follow-up of 
Abnormalities Detected at 
Mammography Screening 





Obtaining follow-up information after abnormal interpretations is an important aspect 
of a mammography practice, but it can be tedious, time-consuming, and produce 
suboptimal results. This study demonstrates the effect of computer-generated reminders 
on the collection of follow-up data for patients in whom abnormalities were detected at 
mammography screening. From April 1985 until December 1987, follow-up data for 1009 
abnormal examinations were collected by using standard procedures, supplemented by 
occasionali searches of pathology records and sporadic letters and telephone calls to 
referring physicians. Results showed that follow-up was limited to a normal physical 
examination in 104 women (10.3%); eight other women (0.8%) were fost to follow-up. 
For over 90% of these inadequately followed cases, referring physicians were first 
contacted more than 3 months after screening. Since December 1987, follow-up data 
for 777 abnormal examinations were collected, supplemented by computer-generated 
reminders sent to referring physicians for cases apparently unresoived 3 months after 
screening. Only four (0.5%) of these women have had inadequate follow-up (normal 
physical examination alone). 

We conclude that use of a computer-generated reminder system prompts more timely 
and more appropriate patient management. It also makes follow-up data collection much 
less onerous. 
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Timely follow-up of abnormal findings is an important aspect of any breast 
imaging practice, not only for ethical and self-educational purposes but from a 
medicolegal standpoint as well [1-4]. Obtaining pertinent follow-up data is the only 
way to document that appropriate management of mammographic abnormalities 
has occurred. Unfortunately, follow-up procedures tend to be tedious and time- 
consuming [1, 2], and standard methods (e.g., periodic phone calls by the radiolo- 
gist and/or staff, repeated searches of pathology records) can produce unsatisfac- 
tory results [3]. The magnitude of the problem is likely to increase as more and 
more women use mammography screening. 

Computers are ideally suited to oversee the data management tasks of a 
mammography practice, including the acquisition and storage of follow-up infor- 
mation [5, 6]. This study was designed to determine the effects on collection of 
follow-up data by computer-generated reminder letters directed at referring physi- 
cians whose patients have an abnormality detected at mammography screening. 


Materials and Methods 


From April 1985 through February 1990, we did mammography screening examinations of 
30.275 women in our Mobile Mammography Program. All women provide the name, address, 
and telephone number of a referring physician. These and other data are stored in a 
computerized database management system at the time of examination, as described 
previously [6]. All abnormal results are reported by mail and by telephone to the referring 
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physician the morning after the examination. The report describes 
the nature and location of the abnormality, as well as our recommen- 
dations for further evaluation: additional imaging, aspiration, and/or 
biopsy. Physicians are urged to contact their patients as soon as 
possible to complete the suggested workup. 

Whenever an abnormal interpretation is made, our computer pro- 
gram automatically creates a record for this examination in a separate 
but linked database that contains an initially empty data field to store 
the ultimate disposition of the case. We then enter the pertinent 
follow-up information into this disposition field as we receive it, 
thereby completing the record. 

From the onset of our Mobile Mammography Program until Decem- 
ber 1987, collection of follow-up data for abnormal cases was accom- 
plished primarily by using existing channels of communication; we 
obtained and recorded any follow-up data that were supplied by 
referring physicians or patients on their own initiative. To supplement 
this approach, at various intervals (no shorter than 2 months, no 
longer than 6 months), we surveyed the disposition fields of our 
abnormal screening cases to identify those for which appropriate 
follow-up data had not yet been entered. We then checked the 
computer-based records of our hospital's radiology, surgery, and 
pathology departments for evidence of further examinations to deter- 
mine whether a subsequent workup had been done in our own 
institution. Any information still missing was requested from referring 
physicians, initially by mail but eventually by telephone if necessary. 

in December 1987, we simplified our follow-up data collection 
procedures, eliminating the computer searches and mail requests for 
information that had been carried out by our secretarial staff. instead, 
once a month our computer program began to automatically generate 
the letters requesting follow-up information from physicians, but only 
for those records whose disposition fields remained empty 3 months 
after mammography screening. Only one such letter is mailed per 
case, but each month the computer program also prints a list of all 
abnormal records still apparently unresolved 4 months or more after 
screening examination. We use the list to telephone referring physi- 
cians who have not yet responded to a computer-generated letter. 

For purposes of this study, we carefully documented the number 
of women who were completely lost to follow-up and also the number 
of women whose subsequent evaluation was limited to physical 
examination. Both of these outcomes represent inadequate follow- 
up. As 40-70% of screening-detected breast cancers are nonpaipable 
[7, 8], physical examination alone represents deficient and improper 
follow-up for abnormalities identified by mammography. 


Results 


During the initial study period, there were 1009 abnormal 
interpretations among 12,727 mammography screening ex- 
aminations. In order to collect follow-up disposition informa- 
tion for the abnormal cases, we had to conduct multidepart- 
mental computer searches in our hospital for 75% of cases, 
send letters to referring physicians for 40% of cases, and 
subsequently telephone doctors’ offices for data still missing 
in 20% of cases. These procedures were time-consuming (at 
least 8 hr per month) and thus were done only sporadically. 
Often delays of up to 6 months occurred before efforts were 
begun to acquire follow-up disposition information. By that 
time, some patients had moved, occasionally without leaving 
a forwarding address or telephone number. As a result, follow- 
up is unknown for eight cases (0.8%). Furthermore, 104 
women (10.3%) had inadequate follow-up, consisting of noth- 
ing other than a normal physical examination of the breast. 
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For over 90% of these 112 cases, referring physicians were 
first contacted for follow-up disposition data more than 3 
months after initial mammography screening. 

During the second study period, there were 777 abnormal 
interpretations among 17,548 mammography screening ex- 
aminations. The computer-based follow-up program has been 
beneficial in several respects. Our secretarial staff no longer 
has to conduct searches of hospital records from the depart- 
ments of radiology, surgery, and pathology, and the letters 
requesting follow-up data that were sent manually to referring 
physicians are now generated automatically by computer. In 
addition, many physicians’ offices that previously required 
such letters began sending us follow-up information on their 
own initiative. We now send letters for only 20% of our 
abnormal cases (40% prior to computer-based operation), 
and we have to telephone for still missing data only two to 
three times per month (fewer than 10% of abnormal cases 
now, 20% prior to computerization). Among all 777 abnormal 
cases, none has been lost to follow-up and in only four (0.5%) 
was subsequent evaluation limited to a normal physical ex- 
amination. The comparison of follow-up dispositions before 
and after institution of our computer-based program is shown 
in Table 1. 


Discussion 


Clearly there was more timely and appropriate follow-up of 
screening-detected abnormalities during the second study 
period. It is possible that this change was caused by factors 
other than computerization of follow-up data collection, since 
the two parts of our study were conducted sequentially rather 
than concurrently. However, because the change occurred 
abruptly, just at the time when computer-based operation 
began, we conclude that the computer program itself ac- 
counted for most if not all of the observed improvement in 
patient management. 

Several plausible mechanisms can help to explain how 
computerized procedures prompt more timely and more ap- 
propriate follow-up. By automatically generating reminder let- 
ters every month, no longer than 3 months after mammog- 
raphy screening, the computer program does not allow any 
abnormal case to be ignored for an extended period of time. 
Furthermore, the monthly regularity of these reminders not 
only shows our referring physicians that we are tracking ali 


TABLE 1: Disposition of Abnormal Interpretations as a Function 
of Follow-up Data Collection Procedures 
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No. (%) 
Disposition Standard | Computer-Generated 

Procedures Reminders 

Unknown 8 (0.8) 0 
Physical examination alone 104 (10.3) 4 (0.5) 
Additional breast imaging 596 (59.1) 509 (65.5) 

and/or aspiration 

Biopsy 301 (29.8) 264 (34.0) 
Total 1009 (100.0) 777 (100.0) 
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of their patients with screening-detected abnormalities, but it 
also suggests that we are concerned that proper follow-up 
occurs as soon as possible after initial examination. Our 
assumption of some responsibility for follow-up also seems 
to have prompted referring physicians to cooperate more 
readily with requests for follow-up data. Since our introduction 
of computer-based reminders, many more physicians’ offices 
routinely send us copies of the reports from any additional 
procedures induced by abnormal screening interpretations. 

Our experience suggests that the interval between mam- 
mography screening and mailing of reminder letters should 
not exceed 3 months. Longer intervals appear to result in too 
many cases of inadequate follow-up, as we observed during 
the first phase of our study. Furthermore, when reminder 
letters are sent within 3 months of screening, one can expect 
virtually no abnormal cases to be completely lost to follow- 
up. 

An additional advantage of a computer-based reminder 
system is that it requires very little time to operate. Our 
secretarial staff now devotes less than an hour each month 
to collection of follow-up disposition information. Most of this 
time is spent placing reminder letters in mailing envelopes. 
We also need to make many fewer telephone calls for incom- 
plete data because of improved physician compliance with 
the entire follow-up system. 

In summary, a mammography screening practice should 
not limit its activities to the detection of abnormalities— 
ensuring complete and timely follow-up of these lesions is 
also important. Although referring physicians have primary 
responsibility for patient management, radiologists are inti- 
mately involved as well. Whenever we find unsuspected ab- 
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normalities we become, de facto, the initiators of further 
workup. Any effort that we expend toward facilitating this 
evaluation not only helps the patient and referring physician 
but also enhances our own mammography screening prac- 
tice. Furthermore, it can be highly instructive to analyze follow- 
up disposition information; such an exercise in self-assess- 
ment is probably the most effective method of refining mam- 
mographic skills [8]. There is no question that collecting 
follow-up data can be difficult. However, our experience indi- 
cates that the use of a computer-generated reminder system 
makes the process much less onerous and also prompts 
more timely and more appropriate patient management. 
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Computers in Diagnostic Radiology. A Book of Selected Readings. Edited by Euclid Seeram. Springfield, IL: 


Thomas, 355 pp., 1989. $58.75 


This 355-page book provides introductory information about mi- 
crocomputers to medical professionals. The style is slightly disjointed 
because the editor has pieced together chapters from a multiplicity 
of sources written by a variety of authors. Despite this minor stylistic 
drawback, the book reads quickly and follows a logical pattern. 

Some parts of the book are excellent. The chapter on computer 
software presents an introductory discussion on how software works 
and shows the reader the variety of applications that can be used by 
computers. The chapter on teleradiology provides a nice overview of 
a topic that most radiologists increasingly find interesting, and anyone 
who needs some technical information about the topic to make 
decisions for a hospital or group of radiologists is well advised to 
start with this chapter. Likewise the book has handy discussions 
about 3-dimensional reconstruction, computers in CT and MR imag- 
ing, automation of film libraries, and radiologic reports. All of these 
certainly start the reader in the right direction and give a fine intro- 
duction to the topic. Unusual perhaps for a radiology book, the 
number of pictures is minimal. The topic frankly lends itself better to 
line drawings and other forms of illustration, which indeed is what the 
book mostly uses. 

Nevertheless, | have several general criticisms of this book. Specific 
references to various types of hardware and software quickly become 
dated in any computer book. Although the authors of most of the 
chapters have made efforts to avoid this by talking in general princi- 
pies, some have presented information that is badly out of date and 
that should be culled from future editions. The most blatant example 
of this is White's mention in chapter 19 of an article written in 1986 
about the software company Microsoft and possible computer vi- 
ruses, worms, or Trojan horses. A discussion of viruses is certainly 
germane today in any chapter about security of computer data, but 
this information is now pretty much out of date. Many references are 


really quite old, 1982 to 1983 or earlier is typical; for a field like 
computer technology, that is old—as in ancient. 

My severest criticism though is the shallowness of the coverage. 
Most of the information truly is introductory and gives the reader only 
a superficial understanding of computers and their use in radiology. 
A typical example is the chapter on image processing. It is only 12 
pages long; it just starts to whet the appetite, and then it ends. Some 
of the material is addressed again from a slightly different point of 
view in the chapter on digital imaging, but that is it. No further 
discussion of the topic occurs in the book. For a book about com- 
puters’ future role in radiology, that chapter demands augmentation. 
This defect in coverage is not the fault of the chapters’ authors, as 
each chapter simply has been lifted from another publication. The 
book would be better if the editor had instructed the authors to use 
the introductory articles as a beginning and significantly increase the 
depth of the coverage on each topic. Radiology personne! who will 
take this book off the bookshelf need more specific information about 
software, storage devices, optical disks, compression algorithms, 
and the new features of computer technology that eventually will 
have considerable application to radiology. 

This book fulfills the editor’s wish for it to be useful as an introduc- 
tory text for computers in radioiogy. However, readers who can 
distinguish between a byte and a bit, understand that languages tell 
computers what to do, and have heard of input and output devices 
probably will not learn much from it. If you are shaky on any of these 
concepts though, read and learn. | just hope future editions will 
provide more meat. 


Robert T. Bramson 
Tampa General Hospital 
Tampa, FL 33606 
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The Usefulness of Computers in Managing the Operation of 
a Mammography Screening Practice 


Edward A. Sickles' 


A conventional desktop microcomputer can be programmed to 
carry out a wide variety of activities that are useful in the operation 
and management of a mammography screening practice. These 
include storage and retrieval of the records of screening exami- 
nations, direct entry of film interpretation data by the radiologist, 
automatic printing of examination reports, scheduling of screen- 
ing appointments, tracking of follow-up procedures (including the 
generation of reminder letters to clients and referring physicians), 
and the conduct of medical audits of screening results. In general, 
computer-based activities can be completed more rapidly, more 
reliably, and at lower cost than the conventional operations they 
are designed to replace. All mammography screening practices 
can benefit from computer support. 


Computers have become an integral part of many radiology 
activities because they can be programmed to perform repet- 
itive procedures more reproducibly, more rapidly, and at lower 
cost than corresponding manual techniques. Mammography 
screening is a high-volume operation involving numerous 
simple repetitive tasks, many of which are eminently suited 
to computerization. In this article | will review the several roles 
that a computer can play in managing a mammography 
screening practice, relying heavily on my experience with the 
Mobile Mammography Screening Program at the University 
of California, San Francisco (UCSF), which has been comput- 
erized from its opening in April 1985 [1]. 


Hardware 


The conventional desktop microcomputer is fully capable 
of controlling most mammography screening functions. A 
large number of manufacturers supply a very wide array of 
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equipment. Price-performance ratios vary considerably, and 
all but the most full-featured models are deeply discounted. 
“Clone” computers are sold at particularly low prices, and 
many of these devices are totally compatible with the software 
designed to run on their much more expensive name-brand 
counterparts. However, in advance of any computer purchase 
it is prudent to verify absolute software compatibility, just as 
it is wise to determine how readily repairs can be made. 

An essential component of a mammography screening 
computer system is adequate fixed-disk memory storage 
capacity. Most computers come equipped with a fixed disk 
that holds 20 or 40 megabytes of data, but a larger-capacity 
fixed disk usually can be supplied instead, at extra cost. Each 
megabyte will hold the data for approximately 3000 to 6000 
examinations; required software occupies 3-8 more mega- 
bytes. You should not buy a fixed disk with substantially 
greater capacity than will be needed for its 5- to 6-year useful 
life, especially since the price of a replacement disk can be 
expected to decline year by year. 

A printer also is necessary, in order to produce the full 
spectrum of hard-copy reports that emanate from a mam- 
mography screening practice. Laser printers are best suited 
to this task, because they are fast, quiet, and produce high- 
quality text on your own letterhead stationery. Prices of these 
printers have dropped substantially during the past year. 
Virtually all currently available software is compatible with 
standard-model laser printers. 

Many mammography screening practices will require com- 
puters at more than one site. For example, we have one 
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computer on board our mobile van (connected to an inexpen- 
sive dot-matrix printer for rough-draft printouts), another com- 
puter in our secretarial office (connected to a laser printer for 
professional-quality printouts), and one more computer in our 
mammography film reading area that is used to record the 
results of image interpretation. In some installations, multiple 
computers can be linked by fixed cables to create a network 
in which users at each site have immediate access to all 
current data. Alternatively, the computers can communicate 
with each other by telephone transfer of data via modem or 
by manual transfer of data via transportable magnetic media 
(e.g., floppy diskettes, tape back-up systems, Bernoulli Box 
disks). This latter approach is preferred by the practice that 
uses a mobile van, Decause it is difficult to establish reliable 
network-type communication with a mobile workstation. A 
modem can be installed in one of the expansion slots within 
any computer, so as not to occupy additional desk space. 
Each workstation that is involved with data transfer by tele- 
phone should use identical communications software and a 
modem that operates at the same speed, preferably at least 
2400 baud. 


Software 


The principal task of the computer hardware used in a 
mammography screening practice is to store and manipulate 
data for all patient examinations. This requires specially de- 
signed software, which usually is written with the use of a 
full-featured programmable data-base management system. 
At UCSF we work with the data-base manager called dBASE 
IV (Ashton-Tate, Torrance, CA), but other powerful and ver- 
satile systems can be used instead. Programming skill is 
needed to adapt any such system to the specific data-base 
management tasks of mammography screening. 

Most radiologists will prefer to purchase completely menu- 
driven turnkey software that requires relatively little training 
to operate. Several such products are now commercially 
available; alternatively, one may commission a local computer 
programmer to do the work. In either case, the software can 
be customized to suit the individual preferences of a particular 
practice, such as choosing what specific demographic and 
other data items to collect on each patient, and selecting 
specific wording for mammography reports and other mailed 
correspondence. 

Advantages of existing commercial products are immediate 
availability and the opportunity to consult with satisfied cus- 
tomers before purchase. Advantages of commissioning soft- 
ware from a local programmer include increased flexibility in 
customization, either initially or at a later date, and more ready 
access to the programmer for correction of any problems that 
might develop with software or hardware. One should not 
underestimate the value of the accessibility of software sup- 
port, not only to provide repair service with minimal downtime 
but also since it is virtually certain that enhancements will be 
desired as one identifies unanticipated facets of screening 
that benefit from computerized data management. We have 
upgraded our software several times each year because our 
programmer (myself) has been immediately available. A mem- 


AJR:155, October 1990 


ber of the mammography screening staff (or close relative) 
acting as programmer could be relied on to provide similar 
service. 

As increasing amounts of data are stored in a mammogra- 
phy screening data base, many responses of the computer 
system gradually and progressively slow down. This occurs 
because the software must physically access the fixed disk 
more and more frequently for its growing volume of data, 
each additional disk access requiring extra time. Fortunately, 
there is a way to speed up the performance of software that 
uses large amounts of information. This is accomplished by 
storing a copy of the data needed most frequently in a disk 
cache that resides in spare random-access memory (RAM), 
from which data retrieval is much more rapid. Disk-caching 
capability is now included as a standard feature in many 
computer systems; even higher-performance disk-caching 
software can be purchased separately at very low cost. To 
be effective, all disk caches require otherwise unused RAM, 
adequate amounts of which already are supplied in most 
computer systems. In many cases even more RAM can be 
added later, further enhancing the performance of a disk 
cache. We have found that disk caching software almost 
doubles the speed of our mammography computer activities. 

Modern computer systems are highly reliable, but hardware 
breakdowns, software malfunctions, and power outages do 
occur, any of which can result in irretrievable loss of mam- 
mography data, potentially crippling all screening operations. 
To ensure against the possibility of data loss, it is absolutely 
essential to make frequent back-up copies of all mammogra- 
phy screening data. Several stand-alone software programs 
are available that provide reliable, efficient, and very rapid 
back-up of user-selected computer files. Mammography 
screening software should incorporate one of these pro- 
grams, and then be written to automatically do a complete 
back-up of all screening data on a daily basis. 


Data Storage and Retrieval 


The basic underlying role of a mammography screening 
computer system is the storage and retrieval of data. One 
must initially decide precisely what information is to be stored 
for each examination, so that appropriate data-base struc- 
tures are created. This important aspect of software custom- 
ization should be accomplished before any data are entered. 
Although it is relatively simple to delete unwanted data fields 
at any time, it is exceedingly difficult to add even one field 
later on, because the data for already-entered records prob- 
ably will not be obtainable in retrospect. Mammography 
screening data-base structures of varying complexity already 
are in use [1-3]. A comprehensive sample listing of data fields 
is presented in Tabie 1. 

Initial data entry should take place at the time of examina- 
tion. This usually is done by a receptionist or mammography 
technologist, who obtains pertinent information by question- 
ing the client and typing her responses directly into the 
computer. A rough-draft printout of these data can be made, 
to be reviewed by the client for errors in content and spelling. 
Provision should be made for entering corrections either at 
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TABLE 1: Structure of Mammography Screening Data Bases 


Patient information 
identification: name, date of birth, identifying number? 
Examination: sequential examination number, date of examina- 
tion, age” 
Location: street address, city, state, zip code, telephone number 
Referring physician information® 
Identification: name (or self-referred) 
Location: street address, city, state, zip code, telephone number 
Specialty (optional) 
Breast cancer risk factors: 
Major: personal history, family history 
Minor (some or all optional): age at menarche, age at first live 
birth, parity, hysterectomy/oophorectomy, age at menopause, 
height, weight, present/past use of exogenous hormones 
Prior mammography 
Where done: at screening site, elsewhere 
Results of examination (optional) 
Location of films (optional) 
Breast signs and symptoms 
History: prior surgery, prior cyst aspiration (optional) 
Physical findings: palpable mass, skin lesion 
Radiologist information 
identification: name*® 
Interpretation®: normal (with follow-up interval®) vs abnormal (with 
description of abnormal findings and recommended workup’) 
Disposition of abnormal cases? 
Results of biopsies prompted by screening®”: location, lesion size, 
needle localization, histology 
Characteristics of breast cancers detected®: TNM staging, patho- 
logic grade (optional), surgical treatment (optional), chemother- 
apy (optional) 


* This number, either alone (e.g., social security number) or in combination 
with another data field (e.g., date of birth), should permit unique identification 
of each patient. 

? This should be calculated by the software program from date of birth and 
date of examination. 

° The software program can maintain this information in number- or letter- 
coded look-up tables, to minimize data storage requirements. 

1 Separate interpretation for right and left breast (optional) permits more 
precise radiographic-pathologic correlation. 

° Follow-up interval can be calculated by the software program from age 
and major breast cancer risk factors, or can be entered by radiologists who 
prefer to retain flexibility in making this assessment. 

"The software program can provide a choice of preselected phrases or 
sentences to simplify keyboard entry. 

° These data are pertinent only for a small subset of records in the main 
data base; they should be stored in a separate but linked data base to minimize 
data storage requirements. 

"The software program should provide data fields for at least two biopsies 
per record. 


this time or later, if needed. Data entry for film interpretation 
and disposition fields will follow, when appropriate. 

Once data bases are established and filled, the information 
that they contain can be searched, sorted, and displayed 
according to whatever parameters the user designates. The 
most frequent request retrieves the records of an individual 
woman's examinations by her name, date of birth, or other 
identifying data. This type of individual data search usually is 
completed almost instantaneously, because most software 
not only stores but also automatically indexes individual rec- 
ords for just such rapid retrieval. Findings are displayed on a 
monitor for immediate use. Other more complex data-base 
queries also can be requested; these collect selected data 
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from all records meeting specified criteria e.g.. Names and 
addresses of all women referred by a group of physicians, 
ultimate disposition of all examinations interpreted as abnor- 
mal, size and stage of all breast cancers detected at mam- 
mography screening). Collective searches and data sorts 
require more time because all records in a data base or linked 
data bases must be examined sequentially to determine 
whether selection criteria are met. Results of these complex 
searches usually are routed to a printer for hard-copy display. 

Software customization can greatly facilitate both individual 
and collective types of data retrieval, because designation in 
advance of specific search criteria permits the programmer to 
write subroutines that accomplish these searches accurately, 
reproducibly, and rapidly. Accessibility also is improved by 
making the searches available as numbered choices in a menu 
listing rather than requiring users to enter search criteria in 
the proper syntax. 

At UCSF we have programmed several categories of col- 
lective data searches directly into our software, so that they 
are immediately available as menu selections [1], These in- 
clude patient demographics (data breakdowns according to 
age, presence of a palpable mass, family and personal history 
of breast cancer, and other less powerful indicators of breast 
cancer risk), referring physician demographics (data break- 
downs according to specific physicians, their specialties and 
geographic locations, physicians who refer patients most 
frequently, and physicians whose referral rate has declined 
recently), disposition of abnormal interpretations and biopsies 
prompted by screening (results broken down according to 
age, paipability, and category of abnormality), and cancers 
detected at screening (data breakdowns according to tumor 
location, palpability, size, and stage). Each of the specific 
searches within any of the last three categories can be broken 
down further according to the interpreting radiologist and/or 
availability of prior mammograms for comparison. It should 
be obvious from this brief listing that with appropriate advance 
planning, a wide range of clinically relevant screening data 
can be retrieved in a rapid, reliable, and convenient manner. 


Film interpretation 


The major purpose of mammography screening is to detect 
unsuspected breast lesions, not to characterize them fully [1, 
4, 5]. As a result, a growing number of radiologists are now 
Streamlining the imaging and interpretation of their mammog- 
raphy screening examinations, segregating screening from 
problem-solving cases to increase throughput and thereby 
reduce costs [5, 6]. Part of this approach involves batch 
interpretation of screening cases, which can be made even 
more time-efficient by having the radiologist record his or her 
readings directly in the computer data base. Because stream- 
lined screening interpretations are limited to normal and ab- 
normal categories, each reading can be stored as a one-digit 
number code, thereby simplifying data entry to involve only a 
single keypunch. This greatly shortens interpretation time for 
the radiologist. 

There is need for considerable software customization in 
Storing film interpretation data. First, one must decide whether 
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to require separate interpretations for the right and left breast. 
This more precise approach demands one extra keypunch for 
each examination, but it permits subsequent radiologic-path- 
ologic correlation to be performed with greater accuracy (e.g., 
an abnormal right breast interpretation with subsequent dis- 
covery of a left breast cancer wouid be classified correctly as 
a false-negative case). 

Another decision in customizing software involves defining 
the range of number codes to be used for normal and abnor- 
mal interpretations. This could be as uncomplicated as using 
“1” for normal and “2” for abnormal. However, there are 
several advantages to permitting a wider selection of choices. 
Some radiologists may prefer to have two or more codes for 
normal interpretations, assigned to breasts of different den- 
sity, so that the accuracy of screening results ultimately can 
be analyzed according to the degree of underlying breast 
density. Similarly, it may be helpful to define several codes 
for abnormal interpretations, corresponding to lesions that 
display an increasing likelihood of malignancy. Moreover, if 
the generation of mammography screening reports is based 
on interpretation codes, as discussed subsequently, then use 
of a larger range of codes will permit the wording of these 
reports to reflect the differences among the codes. 

Still another customization choice involves determining rec- 
ommendations of follow-up intervals for normal examinations. 
The simplest approach is to require the radiologist to enter 
this information for each interpretation. However, one also 
can design in advance an algorithm that calculates follow-up 
intervals based on a patient's age and major breast cancer 
risk factors, and this can be programmed into the software 
to obviate additional data entry. On the other hand, at times 
there will be essentially normal examinations for which follow- 
up earlier than that calculated will be preferred (e.g., a 36- 
year-old woman whose baseline study shows benign-appear- 
ing but asymmetric densities may need a 1-year follow-up 
rather than waiting until she reaches age 40). For this reason, 
if mammography screening software is written to automati- 
cally execute a follow-up algorithm, it may be advisable to 
give the radiologist the opportunity to override this calculation 
whenever appropriate. 

Finally, there is one more aspect of computer-based film 
interpretation that requires software customization. Each ab- 
normal reading must be accompanied by a description of the 
nature and location of the lesion(s) and recommendations 
about further imaging evaluation and/or invasive procedures. 
A wide variety of programming schemes can be devised to 
permit and prompt for collection of this information, ranging 
from the opening of a data entry window into which the 
radiologist can type free text, to the use of a series of 
predefined diagnosis and disposition codes that can supple- 
ment or replace free text, to the selection by the radiologist 
from among an extensive set of predefined codes that cover 
all possible interpretations. The choice of approach should be 
based primarily on one’s personal preference for having flex- 
ibility in radiologic reporting vs the opportunity to produce 
standardized reports, the several advantages of which are 
discussed in the following section. 

There is no generally accepted set of descriptor or diag- 
nosis codes now in use to categorize mammographic abnor- 
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malities, so that current software programs work with diverse, 
individually developed classification schemes. However, the 
American College of Radiology has recently undertaken the 
task to construct a set of uniform codes for reporting mam- 
mography findings. Once completed, this could be incorpo- 
rated into current and future software programs to serve as 
an integral part of all computer-based mammography screen- 
ing interpretation. Widespread use of uniform coding would 
represent a major step toward achieving consistency in mam- 
mography reporting across the United States. It also would 
be possible to pool interpretation data from many institutions 
using uniform codes, thereby creating a data base sufficiently 
large to use for reliable calculation of a predictive value for 
each of the coded mammographic findings. 


Report Generation 


Mammography screening is ideally suited to the use of 
standardized “canned” reports, in part because over 90% of 
examinations are interpreted as being normal, especially if the 
complex problem-solving imaging evaluations for abnormal 
examinations are done separately [1, 7, 8]. Standardized 
normal and abnormal reports should be clear and concise, 
written in a style designed by and acceptable to all radiologists 
in a mammography screening practice. This approach guar- 
antees brevity, consistency in wording, and a total absence 
of typographical errors. 

Computer systems produce standardized reports with 
great ease. Once mammography screening results are en- 
tered into a computer data base during film interpretation, 
properly programmed software then automatically will gen- 
erate full-length reports based on these results. Customized 
software will incorporate any special diagnoses and disposi- 
tions indicated by the radiologist into the previously desig- 
nated boilerplate text of normal and abnormal reports. Soft- 
ware also can be programmed so that reports include appro- 
priate medical terminology when they are sent to referring 
physicians but are written in lay language when sent to self- 
referred women. These capabilities may require an interface 
with separate word processing software, although our own 
system generates all reports using its underlying data-base 
manager alone. Finally, some referring physicians will want to 
have screening reports sent directly to their patients while 
others will request that this not be done; even these personal 
preferences can be accommodated by customized software. 
The net result should be that daily report generation becomes 
a totally automated procedure, which takes place as soon as 
fiim interpretation has been completed. 

Operating costs can be reduced substantially when reports 
are generated by computer. Since interpretations are made 
by the radiologist directly into the computer data base, there 
is no need for a transcription service, nor does the radiologist 
have to verify or sign the reports [1]. 

Computer generation of screening reports also is much 
faster than any dictation-transcription system. Not only are 
the reports printed right after image interpretation, but they 
then are immediately available for distribution without any 
further delay because they do not need to be proofread and 


signed. 
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Mammography screening software also can facilitate print- 
ing of specific additional reports at any time after an exami- 
nation has been completed. One or all records for a specific 
patient can be retrieved from the data base and displayed 
almost instantaneously, as discussed previously. The soft- 
ware should be programmed to include the option to print a 
report for any displayed record. At UCSF we can retrieve and 
request a duplicate copy of the report for any screening 
examination in less than 5 sec; it then takes our laser printer 
approximately 15 sec to actually print the report. 


Scheduling of Screening Appointments 


Another facet of mammography screening that is amenable 
to computerized management is the scheduling of appoint- 
ments for examination. It is customary for a mammography 
practice to schedule in advance most if not all of its exami- 
nations in order to maintain a steady flow. This is especially 
important in a low-cost, rapid-throughput practice, in which 
operations are streamlined to achieve maximum efficiency. 

Computer software can be readily adapted to manage the 
scheduling of appointments, usually in a separate small data 
base linked to the main data base by unique patient identifi- 
cation information. There are numerous advantages to using 
computerized scheduling, most of which relate to the capa- 
bility for rapid and reliable transfer of data between scheduling 
and main data bases when women return for routine follow- 
up examinations. A computer-based scheduling system can 
(1) retrieve demographic data for repeat clients, obviating the 
retyping of this information as well as eliminating the possi- 
bility that retyping might introduce typographical errors; (2) 
check the date of the most recent screening, so that a follow- 
up examination is not scheduled at too short an interval; (3) 
prevent the scheduling of duplicate appointments for the 
same woman; (4) request that the films from prior screenings 
are made available for comparison at the time of scheduled 
examination; and (5) automatically generate a reminder letter 
to each client a few days before her scheduled appointment, 
confirming the date, time, and location of the appointment. 

Computer-based scheduling should operate effortlessly if 
appointments are made at only one workstation, or if multiple 
workstations are linked in a network that permits real-time 
access to even the most recent updates in scheduling infor- 
mation. However, as noted previously, sometimes it is impos- 
sible to achieve real-time networking of several workstations, 
especially when one is located in a mobile van. In this circum- 
stance, somewhat imperfect solutions are needed to minimize 
the possibility of assigning the same appointment slot to more 
than one woman. 


Follow-up Procedures 


An important aspect of every mammography screening 
practice is the tracking of cases once imaging has been 
completed. Follow-up procedures are somewhat different for 
normal and abnormal examinations because tracking is being 
done for different purposes. 

Abnormal cases are followed in part to document proper 
and timely workup of screening-detected lesions, and also to 
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determine ultimate disposition [7, 9]. Software can be pro- 
grammed to automatically track all abnormal examinations 
until an acceptable clinical outcome is recorded. This usually 
is done in one or several small data bases limited to abnormal 
cases, containing the various disposition fields indicated in 
the last three entries in Table 1. All records in the abnormal- 
case data bases are linked to corresponding records in the 
main data base by sequential examination number. Although 
it may seem more cumbersome to work with separate data 
bases, just as it may appear wasteful to duplicate the se- 
quential examination number field in each data base in order 
to permit linkage, this approach actually conserves substantial 
amounts of computer memory. 

The major activities of abnormal-case follow-up manage- 
ment software are (1) to permit data entry into disposition 
fields on request of the user, as this information becomes 
available; (2) to flag all abnormal records with as yet empty 
disposition fields; (3) to automatically generate reminder let- 
ters addressed to referring physicians requesting pertinent 
follow-up data for apparently unresolved abnormal cases, but 
only if too long an interval (e.g., 3 months) has elapsed since 
screening; and (4) to produce a list of abnormal cases still 
unresolved after reminder letters have been sent. Use of such 
an automated tracking system at UCSF has prompted more 
timely and appropriate follow-up for our abnormal screening 
cases, while also substantially reducing the amount of time 
that our staff devotes to collecting follow-up data [9], 

Normal cases also can be tracked to determine ultimate 
disposition (whether interpretations were true negative or 
false negative). However, it is exceedingly difficult and very 
costly to maintain contact over several years with the large 
numbers of women who have had normal examinations. As 
a result, most mammography screening practices that at- 
tempt such tracking have chosen to do so for only a small 
but representative sample of normal cases [7]. Follow-up 
management software can be written to select at random a 
designated percentage of normal cases for tracking, and then 
periodically generate letters to these women or to their pny- 
sicians inquiring about breast health subsequent to screening. 

A much more common role for normal-case tracking soft- 
ware is to automatically generate reminder letters when 
women are due to return for routine follow-up mammography. 
This is a very important activity since, to be effective, screen- 
ing must be done repeatedly at regular intervals (10, 11]. The 
appropriate date for sending reminder letters is readily cal- 
culated from the examination date and follow-up interval fields 
of records already entered in the main data base. This infor- 
mation, along with pertinent identifying data for the woman 
and her physician, can be incorporated by properly written 
software into boilerplate text previously designed for this 
purpose. Therefore, the entire reminder process should take 
place automatically, at periodic (e.g., monthly) intervals, re- 
quiring minimal effort from the mammography screening staff. 
As with the mailing of normal reports, some referring physi- 
cians will want to have reminder letters for follow-up screening 
sent directly to their patients while others will request that 
this not be done. Tracking software can be customized to 
follow the preferences of individual physicians. At UCSF we 
achieve compliance with our follow-up screening recommen- 
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dations more than twice as frequently when reminder letters 
are sent both to the women and to their referring physicians. 


Medical Audit of Screening Results 


The most convincing way to demonstrate the success or 
failure of a mammography screening practice in detecting 
otherwise occult breast cancer is by conducting an audit that 
evaluates the appropriateness and accuracy of image inter- 
pretation |7]. Results of this activity will prove invaluable to 
radiologists and other staff in indicating which aspects of 
screening already are functioning properly and which are not. 
if deficiencies are uncovered, the responsible individuals can 
be identified and the outcome of corrective action can be 
monitored by means of subsequent audits. Successful 
screening results should be communicated to referring phy- 
sicians and patients; this is a highly effective means of building 
a referral base of both new and repeat clients. 

Time and expense are the major barriers to conducting a 
medical audit. The large volume of data and complexity of 
analysis make standard paper-based audit techniques im- 
practical. However, the computer is ideally suited to carry out 
audit procedures, because of its capacity for rapid, reliabie, 
reproducible, and inexpensive operation [7]. To run smoothly, 
a computer data base already must be in piace, storing 
appropriate data on demographics, film interpretation, dispo- 
sition of cases, biopsy results, and cancer staging. Custom- 
ized software then can be developed to evaluate these data 
in an automated fashion, producing hard-copy reports without 
any involvement of the mammography screening staff. 

The scope of a medical audit will vary with the individual 
needs of each mammography practice. At a minimum, an 
audit should retrieve data on the extent to which symptomatic 
women are included in the screening population, numbers 
and rates of true-positive and false-positive interpretations, 
yield of malignancy among patients undergoing breast biopsy, 
and staging data (tumor size, axillary nodal status, and pres- 
ence of systemic metastasis) for all breast cancers detected 
at screening [7, 12]. These analyses must be carried out for 
individual radiologists, not just on an overall basis [7, 13]. As 
discussed previously, it is impractical to determine true-neg- 
ative and false-negative rates with precision, even with the 
aid of computer-based systems, so that estimates of these 
Statistics usually are supplied instead. 

Some practices will choose to conduct audits that are much 
more extensive, yielding interesting additional information. For 
example, one can obtain data breakdowns of screening sta- 
tistics according to age of the patient and other major breast 
cancer risk factors, availability of prior mammograms for 
comparison, and degree of mammographic abnormality. Re- 
sults of these analyses may be useful in refining individual or 
collective interpretation criteria. Another valuable audit pro- 
cedure assesses the year-by-year change in each radiolo- 
gist's screening statistics (Ominsky SH et al, presented at the 
annual meeting of the American Roentgen Ray Society, May 
1990): this is more helpful than an all-years-combined ap- 
proach in identifying radiologists whose interpretation skills 
do not keep pace with other members of the practice. 
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One should decide in advance on the specific parameters 
to be evaluated in a medical audit, as well as the procedures 
that will be used to accomplish the designated analyses. 
Software customization then can incorporate these choices 
into automated routines that produce extensive or limited 
audits, which can be run either at regular intervals or on 
request of the user. A major advantage of computer-based 
audits over labor-intensive paper audits is that once properly 
programmed, the computerized audit can be executed re- 
peatedly at essentially no further cost. At UCSF we run limited 
audits on a quarterly basis and an all-encompassing audit 
once every year. It takes less than an hour to complete the 
full audit program, for a data base that now consists of more 
than 30,000 examinations. 


Miscellaneous 


For several years computers have managed the billing 
services for most radiologists. As a result, a mammography 
screening computer system could readily handle its own billing 
activities, if they were separated administratively from the 
remainder of a radiology practice. Stand-alone software pro- 
grams are available to carry out this task, but existing data- 
base management software could just as easily be further 
customized to fill the same role. However, to reduce operating 
costs many rapid-throughput mammography practices re- 
quire their clients to pay for service at the time of examination 
(5, 8] (McLelland R, categorical course presented at the 
annual meeting of the American Roentgen Ray Society, May 
1988); if this situation pertains, there will be no need for any 
billing, computer-assisted or otherwise. 

it should be apparent that the various computer functions 
described to support screening also can be adapted to work 
for a diagnostic mammography practice or for a practice that 
does not segregate screening from problem-solving exami- 
nations. In either circumstance, additional software customi- 
zation will be needed to record, store, display, and report the 
more compiex findings and more varied management rec- 
ommendations that are encountered in symptomatic patients. 
An extensive diagnostic coding system must be used, and 
specially tailored word-processing capabilities will be required 
to expand these codes into readily understandabie text. Sev- 
eral successful applications already have been developed 
(2, 3]. A sophisticated prototype system even offers direct 
voice data input, patient-specific differential diagnosis based 
on user-selected diagnostic codes and major breast cancer 
risk factors, and on-screen display of reference mammo- 
graphic images that may help the radiologist confirm a sus- 
pected diagnosis or consider additional diagnoses (Fisher P, 
presented at the annual meeting of the Radiological Society 
of North America, November 1989). 

Two potential computer applications are beyond the scope 
of this discussion because they are not yet ready for general 
use. Digital imaging eventually may provide superior image 
quality and less expensive image archiving than current silver 
halide film recording systems (Merritt CRB, categorical course 
presented at the annual meeting of the American Roentgen 
Ray Society, May 1988); and software programs ultimately 
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may be created that reliably identify and characterize mam- 
mographic lesions [14, 15]. However, right now these tech- 
niques are still not fully developed, their roles being experi- 
mental in nature. 


Summary 


Computers can carry out a wide variety of useful tasks in 
Support of a mammography screening practice. They provide 
rapid, reliable, and inexpensive data management, resulting 
in substantially increased productivity at very low cost. Over 
the past few years there has been considerable expansion in 
the roles that computers play, prompted by advances in both 
hardware and software technology, with strong indication 
that this trend will continue into the foreseeable future. All 
mammography screening operations currently can benefit 
from computer support. Existing computer installations 
should be adapted and upcoming computer purchases should 
be planned to have sufficient flexibility to incorporate current 
technological capabilities. 
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Book Review 


MRI of the Body. Edited by Daniel Vanel and Michael T. McNamara. (Translated by Suzanne Assenat.) New York: 


Springer-Verlag, 385 pp., 1989. $236.90 


This textbook of MR imaging of the body has contributions by 55 
radiologists from France and Beigium who have had extensive ex- 
perience. The book apparently originally was written in French, and 
this edition has been translated and produced for an English-reading 
market. 

The book is organized into 27 chapters. Twenty-one are devoted 
to specific anatomic regions of the body; the remaining chapters are 
general topics devoted to the physical basis of MR imaging, artifacts, 
quality control, MR spectroscopy, contrast media, and applications 
of MR imaging to radiation therapy. The text is an adequate coverage 
of a broad range of applications of MR imaging. It suffers, however, 
from several basic limitations: the translation from French to English 
is awkward, the images are poorly annotated, and the text is some- 
what redundant. 

The first chapter on the physical basis of MR imaging principles is 
superficial and perhaps of best use only for the beginner. For example, 
this chapter does not cover three-dimensional imaging but rather only 
two-dimensional Fourier transform MR. Similarly, chemical-shift im- 
aging is relegated to five short paragraphs of description, and biood- 
flow imaging is limited to seven paragraphs. Chapter 2, on MR 
artifacts, is superficial and incomplete. For example, the section on 
chemical-shift artifact does not describe clearly why this artifact 
occurs, how it is recognized or minimized, or how it relates to 
chemical-shift imaging. Figures 4, 9, and 10 in this chapter have no 
annotations or arrows to highlight the points to be made by these 
images. Chapter 4 on MR spectroscopy is mostly theoretical and 


makes the same ciaims for the promise of clinical spectroscopy that 
we have been hearing for the past 5-7 years, without any evidence 
that this technique is really useful. Once again, images have no 
arrows or annotations. 

The chapters on MR imaging of clinical anatomic regions suffer 
from poorly annotated images and cumbersome syntax. They are a 
rich collection of clinical material, however, and the quality of the 
images is excellent. Redundancy is a problem in this volume, as it is 
in most textbooks written by several authors. Blood-flow effects are 
described in many chapters, and despite a separate chapter on MR 
artifacts, several authors again summarize artifact effects in their 
anatomic areas. 

In summary, this book presents the enormous clinical experience 
of some of the best radiologists in continental Europe. Their vast 
experience, however, is unfortunately not ideally transmitted. The 
text could benefit from clearer translation, copyediting, and proof- 
reading. Nevertheless, the clinical material and images are of the 
highest quality. This book can serve as an introduction to MR imaging 
of the body for those who have not already purchased a similar text. 
However, the price of this volume makes it a relatively poor invest- 
ment for most radiologists. 
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Detection of Hepatic Metastases: 
Comparison of Contrast-Enhanced CT, 
Unenhanced MR Imaging, and Iron Oxide- 
Enhanced MR Imaging 





Diagnostic accuracy of contrast-enhanced CT, unenhanced MR imaging, and MR 
images enhanced with superparamagnetic iron oxide was evaluated in 10 patients with 
histologically proved hepatic metastases. First, diagnostic performance of the imaging 
technique with respect to the ability of radiologists to recognize the presence or absence 
of a metastasis was measured by using receiver-operating-characteristic (ROC) analysis 
of single images. Second, the total number of lesions (N = 108) detected by “complete” 
CT and MR examinations was counted. Finally, lesion-liver contrast-to-noise ratios (CNR) 
were measured in all MR sequences. The area under the ROC curve was .67 + .03 for 
contrast-enhanced CT, .81 + .07 for the unenhanced SE 260/14 sequence, and .92 + 
-01 for the iron oxide-enhanced SE 1500/40 sequence. The enhanced SE 1500/40 
sequence yielded significantly (p < .005) greater accuracy than did contrast-enhanced 
CT. The same sequence detected significantly (p < .05) more lesions than all other 
imaging techniques (19% more than the best unenhanced MR sequence and 36% more 
than contrast-enhanced CT). The enhanced SE 1500/40 sequence also yielded the 
highest CNR value (19.5 + 10.2) of all MR sequences. 

These results indicate that iron oxide-enhanced MR imaging is a superior imaging 
technique for the detection of hepatic lesions. 
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Detection of hepatic metastases is critical to treatment planning at the time of 
diagnosis and during follow-up of a large number of cancer patients [1-3]. Fur- 
thermore, hepatic resection for cancer has shown increased survival rates for 
selected patients [4-9]. Therefore, not only the presence or absence of hepatic 
lesions (in an all-or-none fashion), but also their number, location, and size may 
influence therapy and patients’ outcome [3, 4, 7, 10-12]. 

CT has been considered the gold standard for detection of focal hepatic lesions 
because it has greater sensitivity and specificity than sonography or scintigraphy 
[13]. Various contrast enhancement techniques [14-18] have been proposed to 
improve further the diagnostic performance of CT, with sensitivity reported as 76- 
96% [15, 19-22] and specificity reported as 70-99% [15, 20-22]. However, when 
pathologic inspection is used as a more exacting gold standard, the true sensitivity 
of contrast-enhanced CT for detection of individual hepatic lesions has recently 
been shown to be only 38% [23]. 

Several studies have concluded that unenhanced MR imaging can equal or 
exceed the accuracy of contrast-enhanced CT [19-21, 23-25]. The introduction 
of superparamagnetic iron oxide as a tissue-specific MR contrast agent for the 
reticuloendothelial system (RES) appears to offer a further improvement in the 
detection of hepatic lesions [26]. In this study, we analyzed clinical data to compare 
objectively the diagnostic performance of iodine-enhanced CT, unenhanced MR. 
and iron oxide-enhanced MR. First, we conducted a receiver-operating-character- 
istic (ROC) analysis [27, 28] based on anatomically matched images; second, we 
compared the number of lesions detected in “complete” CT and MR examinations: 
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and third, we correlated these diagnostic results with quanti- 
tative measurements of lesion-liver contrast-to-noise ratios 
(CNR) calculated with standard techniques for MR image 
analysis. 


Materiais and Methods 
Patients 


Ten patients (four men, six women; 41-65 years of age; mean, 57 
years) with recent contrast-enhanced CT, unenhanced MR, and iron 
oxide-enhanced MR examinations and acceptable proof of the pres- 
ence or absence of hepatic lesions were selected for this study. Data 
from these patients concerning perfusion and retention imaging for 
lesion detection and characterization have been reported [29, 30]. 
No patients were excluded on the basis of image quality. All 10 
patients had a biopsy-proved primary cancer (four colorectal and two 
breast adenocarcinoma, and one each had lymphoma, carcinoid, islet 
cell carcinoma, and melanoma). 

The presence of malignant hepatic lesions in each patient was 
verified by surgical biopsy (Seven), CT or sonographically guided 
percutaneous needle biopsy (two), and autopsy (one) within 1 month 
after CT and MR examination. CT or unenhanced MR follow-up 
examinations were performed in five of the patients, and interval 
growth confirmed the presence of individual malignant lesions. 

The interval between CT and MR examinations ranged from 2 to 
18 days, with a mean of 8 days (CT usually preceding MR) for seven 
patients. Three patients, one with advanced metastatic disease of 
the liver and two patients each with three colonic metastases, had 
an interval of 35-64 days between tests, and in these three patients 
there was no demonstrable increase in size or number of lesions. 


CT Scanning 


CT examinations were performed on a Technicare 1440HP unit 
(four patients; Solon, OH), Somatom DR (one patient; Siemens, Iselin, 
NJ), General Electric 9800 (three patients; GE Medical Systems, 
Milwaukee, WI), Elscint 2000 (one patient: Hackensack, NJ), or 
Technicare 2060 (one patient). Slice thickness was 8 or 10 mm for 
all examinations. “Contiguous” slices (dependent on patient cooper- 
ation) were obtained in nine patients, whereas an intersection gap of 
4 mm was used in one patient. Nine patients received ionic and one 
patient nonionic iodinated contrast media (at least 42 g of iodine per 
patient or approximately 0.6 g of iodine/kg). Injection via peripheral 
vein was performed with a flow of 2 ml/sec by using a mechanical 
injector in nine patients. CT scanning was initiated 30 sec after 
injection began [22]. A drip infusion was used in one patient who had 
obvious extensive metastatic liver disease. 


MR imaging 


All studies were performed on a 0.6-T (25.1 MHz) superconducting 
imaging system (Technicare, Solon, OH). Baseline unenhanced spin- 
echo (SE) images were acquired with T1-dependent contrast by using 
an SE 260/14/10 (TR/TE/number of signals averaged) sequence 
and with intermediate to T2-dependent contrast (SE 500/30/6, SE 
1500/40,80/2) sequences. The whole liver could be imaged within 11 
sections, each having a thickness of 15 mm and an intersection gap 
of 4 mm. One to two hours after IV infusion of iron oxide particles 
(nine patients received 20 umol Fe/kg, and 5 umol Fe/kg were injected 
in one patient), the SE 500/30/6 and SE 1500/40,80/2 sequences 
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were repeated. The reiaxivity, pharmacokinetics, and toxicity of this 
superparamagnetic iron oxide formulation (AMI-25, Advanced Mag- 
netics, Inc., Cambridge, MA) have been described elsewhere [31, 32] 


Image Selection 


The ROC study was based on a total of 478 images representing 
54 anatomic sections (26 normal anatomic sections and 28 abnormal 
sections) for which matching enhanced CT, unenhanced MR, and 
enhanced MR images could be identified. Of these 478 images, 260 
were without disease and 218 with disease. A lesion was either 
visible in retrospect with ail imaging techniques on the same level or 
not visible on the anatomic section of interest or on the two adjacent 
sections. Sections in which one of the techniques did not have a 
corresponding image were excluded from the study. This was often 
the case for the most cephalic and caudal sections. By selecting 
matching anatomic sections instead of “complete” CT and MR ex- 
aminations, we could avoid a potential bias against the CT breath- 
hold imaging technique, which may omit or duplicate one or more 
anatomic sections because of slice misregistration [33]. In our study, 
unenhanced and enhanced MR images were taken at the same level, 
as the position of the center slice was marked on the patient's skin, 
and table position is monitored electronically. No MR or CT images 
had to be excluded for reasons related to artifacts or poor technical 
quality. 

The proof for presence or absence of individual lesions was based 
on intraoperative or pathologic findings in five patients. Twenty-six of 
54 anatomic sections were selected from these five patients. Con- 
sensus reading by two radiologists of all MR, sonography, and CT 
examinations in conjunction with all clinical data and follow-up imaging 
examinations was used for the remaining five patients, contributing 
28 sections to the ROC analysis. A lesion was considered real when 
the same defect in a given anatomic section was present on at least 
two different types of images, either on CT and MR (whether en- 
hanced or not) or on unenhanced and enhanced MR images. Similar 
standards of proof have been used by previous investigators 
[19, 25]. 


Observer Performance Experiments 


information identifying the patient was obscured on the hard-copy 
films. Individual images were cut from standard multiformat film, 
mixed in random order, and presented to three radiologists with 
experience in abdominal CT and MR who had not previously seen 
these cases and who did not participate in the consensus reading of 
the examinations. The readers scored each image for the presence 
or absence of focal hepatic lesions and assigned a confidence level 
to their observation (1 = definitely or almost definitely absent; 2 = 
probably absent: 3 = possibly absent; 4 = possibly present; 5 = 
probably present. 6 = definitely or almost definitely present). 

For each imaging method, a binormal ROC curve [28] was fitted 
to each observer’s confidence rating data by maximum likelihood 
estimation [34]. Diagnostic accuracy of the various imaging methods 
was determined by calculating the area (A,) under each reader- 
specific binormal ROC curve when it is plotted in the unit square [34, 
35]. Composite ROC curves to represent the performance of the 
three readers as a group were calculated by averaging the binormal 
parameter values of the individual curves. 

Differences between the imaging methods in terms of the mean 
areas (A,) under the ROC curves were analyzed statistically by using 
Student's two-tailed t-test for paired data [36]. Differences between 
ROC curves of individual readers were tested for significance by 
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TABLE 1: Receiver-Operating-Characteristic Estimates for CT and MR imaging 
TL ee TT ee aaa Tee ET a ae ST UPSETS eS te RIE 


imaging Technique 





ana 


A, Index 
etna Mean A, Index 
Reader 1 Reader 2 Reader 3 
Contrast-enhanced CT 658 646 708 670 + .03 
Unenhanced MR imaging 
SE 260/14 .860 DD 760 810 + 07 
SE 500/30 774 733 650 719 + 06 
SE 1500/40 702 701 431 Ole 16 
SE 1500/80 WT 741 642 707 = 06 
Enhanced MR imaging 
SE 500/30 845° .898* 701 615 410° 
SE 1500/40 917° 914° .923 918 + 01°" 
SE 1500/80 .977' .944' 795 905 + .10° 


Note.—DD = degenerate data. 


* Az index higher (p < .05) than that of contrast-enhanced CT. 

° Mean A, index higher (p < .05) than that of unenhanced SE 1500/40. 

° A, index higher {p < .01) than that of contrast-enhanced CT. 

* Mean A, index higher {p < .005) than that of contrast-enhanced CT. 

°” Mean A, index higher (p < .05) than that of unenhanced SE 500/30 and unenhanced SE 1500/80. 
‘A, index higher {p < .001) than that of contrast-enhanced CT. 

* Mean A, index higher {p < .05) than those of all unenhanced MR sequences except SE 260/14. 


using the CORROC aigorithm (for statistical comparison of ROC 
curves estimated from correlated data sets) [37]. The first of these 
two tests for differences between ROC curves accounts for variation 
within and between readers but ignores case-sample variation, 
whereas the second test accounts for case-sample variation and 
variation within each reader but ignores between-reader variation 
[36]. As Student's t-test for paired data does not attempt to account 
for case-sample variation, analysis of the significance of differences 
between mean A, values (Table 1) is not affected by our use of 
multiple anatomic sections from each patient. Reader-specific p val- 
ues obtained by CORROC in this study must be interpreted with 
caution, however, because any correlation between readings of dif- 
ferent anatomic sections from a given patient in a given technique 
served to reduce the effective size of the image sample, thereby 
potentially causing CORROC to overestimate statistical significance 
(i.e., to underestimate p values). 

Compiementary to the ROC experiment, the number of lesions 
visible in the complete enhanced CT examination and in each unen- 
hanced and enhanced MR sequence were counted by two other 
radiologists, and the size of ali lesions was recorded. The inescapable 
uncertainty of proof for individual hepatic lesions has been discussed 
before [20]. Wilcoxon's signed-rank test was applied for statistical 
analysis with significance assumed at p < .05. 


Lesion-Liver CNR 


Lesion-liver CNR was measured quantitatively to compare unen- 
hanced and enhanced MR images. In nine patients receiving 20 umol 
Fe/kg, signal intensities of liver, at least one representative tumor, 
and background noise including ghost artifacts were measured on 
each image at the same anatomic level to calculate the CNR as the 
tumor-to-liver signal difference scaled to the standard deviation of 
background noise [38, 39]. CNR is an objective measure of pulse 
sequence performance that has been shown to correlate with the 
detectability of lesions with different MR sequences [26]. 

CNR differences between the MR pulse sequences were analyzed 
Statistically with one-factor analysis of variance (ANOVA) for repeated 
measures and Fisher's protected least-significance difference (PLSD) 
multicomparison procedure [40]. 


Results 


The area under the composite ROC curve for the three 
readers (mean A, index) was .67 + .03 for contrast-enhanced 
CT, .81 + .07 for the unenhanced SE 260/14 MR sequence, 
and .92 + .01 for the iron oxide-enhanced SE 1500/40 
sequence (Fig. 1). The enhanced SE 1500/40 sequence 
reached significantly (p < .005, Student's t-test) greater 
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Fig. 1.—Composite receiver-operating-characteristic (ROC) curves in- 
dicate relative accuracies with which focal hepatic lesions are detected by 
contrast-enhanced CT, unenhanced MR (SE 260/14}, and iron oxide- 
enhanced MR (SE 1500/40). Plotted data points represent specific ROC 
points of each reader for iron oxide~enhanced MR (squares) and contrast- 
enhanced CT (diamonds). 
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TABLE 2: Number of Lesions Detected with Various Imaging Techniques by Size of Lesion 
ene emer A ITI TNC ES A SI AI RECT I EH STEEN LIA ERT TT Da DS DT I PER EN ET OSE LEED LL TAD ELSE AE ERED 


Technique 


Contrast- O (0) 10 (37) 
enhanced CT 
Unenhanced MR 


SE 260/14 O (0) 11 (41) 

SE 500/30 0 (0) 9 (33) 

SE 1500/40 O (0) 8 (30) 

SE 1500/80 0 {0) 9 (33) 
Enhanced MR 

SE 500/30 (100) 21 (77) 


1 
SE 1500/40 1(100) 24 (89) 
SE 1500/80 1 


Biopsy/autopsy/follow-up 1(100) 27 (100) 


Diameter of Lesion 


35 (85) 25 (96) 12 (92) 83 (77) 
31 (76) 25 (96) 12 (92) 77 (71) 
16 (39) 18 (69) 10 (77) 52 (48) 
20 (49) 20 (77) 12 (92) 61 (56) 
39 (95)  26(100) 11 (85) 98 (917 
40 (98)  26(100) 13(100) 104 (96) 
39 (95)  26(100) 13(100) 103 (95) 
41(100)  26(100) 13(100) 108 (100) 


EE a ELE a LE SO PEE ET ES EE RP OE EO A IN ES ERE TEED 
Note.—Numbers in parentheses are sensitivities in percent. 
* Number of lesions detected higher {p < .05) than that detected with unenhanced SE 1500/40. 
» Number of lesions detected higher (p < .05) than those detected with all unenhanced MR sequences and contrast- 


enhanced CT. 


accuracy than contrast-enhanced CT (Table 1). The same 
enhanced sequence also yielded a higher mean A, value 
(p < .05) than did the unenhanced SE 500/30 and SE 1500/ 
80 sequences, and there was a trend toward superiority 
(p = .08) over the unenhanced SE 1500/40 sequence. The 
enhanced SE 1500/80 sequence showed a higher mean A, 
value (p < .05) than all unenhanced MR sequences except 
the SE 260/14 sequence. 

Each reader achieved a greater area (A, index) under the 
ROC curve with iron oxide-enhanced MR sequences (SE 
1500/40 and SE 1500/80) than with all unenhanced MR 
sequences or contrast-enhanced CT (Table 1). Testing the 
significance of differences between the A, indices of enhanced 
MR sequences and contrast-enhanced CT on a reader-by- 
reader basis, two of three readers reached in each compari- 
son a significantly greater area under the ROC curve with the 
SE 500/30 sequence (p < .05), with the SE 1500/40 
sequence (p < .01), and with the SE 1500/80 sequence 
(p < .001). 

Contrast-enhanced CT depicted 65 lesions, 17% fewer 
than the most sensitive unenhanced MR sequence (SE 260/ 
14), which showed 83 lesions (Table 2). The iron oxide- 
enhanced SE 1500/40 sequence showed 104 lesions (19% 
more than SE 260/14 and 36% more than CT). Both the 
enhanced SE 1500/40 and the SE 1500/80 sequences 
showed significantly (p < .05, Wilcoxon signed-rank test) 
more lesions than all unenhanced MR sequences and 
contrast-enhanced CT. Lesion size ranged from 3 to 50 mm. 
Lesions larger than 3 cm were depicted with a high degree of 
sensitivity by all imaging methods. For lesions smaller than 1 
cm in diameter, iron oxide~ennanced sequences detected 
twice aS many as contrast-enhanced CT or the best unen- 
hanced MR sequence. Table 2 presents a breakdown of the 
lesions detected and missed with each imaging technique. 

Lesion-liver CNR on unenhanced MR images was highest 
for the SE 260/14 sequence (Table 3). The SE 500/30 and 
1500/40,80 sequences showed CNR values close to zero 
reflecting tumor-liver isointensity and poor lesion conspicuity. 


After administration of iron oxide, the SE 500/30 and 1500/ 
40 sequences far exceeded their preinjection image contrast 
(Figs. 2 and 3). Lesion-liver CNR measured in images of nine 
patients receiving 20 umol Fe/kg showed that the enhanced 
SE 1500/40 sequence yielded a significantly (p < .01, 
ANOVA) higher CNR value (19.5 + 10.2) than did the unen- 
hanced SE 500/30 and SE 1500/40,80 sequences (Table 3). 
in the enhanced SE 1500/40 sequence, the CNR magnitude 
increased by 50% compared with the best unenhanced pulse 
sequence SE 260/14 (—13.3 + 6.7). 


Discussion 


Pharmaceutical manipulation of tissue relaxation times by 
administration of magnetic contrast agents can enhance the 
diagnostic information in MR images [26, 29]. Superparamag- 
netic iron oxide particles show a tissue-specific biodistribution 
to the reticuloendothelial system (RES), where they predom- 
inantly increase transverse (T2) relaxation. Non-RES cells lack 


TABLE 3: Quantitative MR Image Analysis 





Tumor-Liver 
imaging Technique Contrast-to-Noise Ratio 
(mean + SD) 
Unenhanced MR 
SE 260/14 ~13.3+ 6.7 
SE 500/30 -47+ 3.2 
SE 1500/40 3.62 3.7 
SE 1500/80 47+ 59 
Enhanced MR 
SE 500/30 18.7 + 6.4? 
SE 1500/40 19.5 + 10.2° 
SE 1500/80 1554 51° 


LE SE SITET LE ITE TE TT ETE PET EE aN ATR I TTL NSS ELE ORT ETE 

Note.—Lesion-liver contrast-to-noise ratio (CNR) caiculated in nine patients 
receiving 20 nmol Fe/kg. An analysis of variance was performed. 

2 CNR higher (p < .01) than that of unenhanced SE 1500/40. 

“CNR higher {p < .01) than that of unenhanced SE 500/30 and SE 
1500/40,80. 
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Fig. 2.—Metastatic colonic cancer. 
A, Unenhanced CT scan. No lesion visible. 
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B, lodine-enhanced CT scan. Note good opacification of hepatic vessels. Streaklike artifacts partially obscure left lobe of liver. No lesion visible. 

C, SE 260/14 MR image obtained before iron oxide injection shows one lesion (curved arrow) in left lobe of liver. 

D and E, SE 500/30 (D) and SE 1500/40 (E) MR images obtained before iron oxide injection. Lesion in left lobe of liver not visible. 

F, SE 1500/40 MR image obtained after injection of 20 umol Fe/kg of AMI-25. Lesion in left lobe (curved arrow) confirmed; additional lesion (straight 


arrow) visible in right lobe. 


phagocytic ability, and therefore the relaxation times of tu- 
mors remain virtually unchanged after iron oxide administra- 
tion. The resulting loss of signal intensity from liver, with 
tumor unchanged, increases tumor-liver contrast (Figs. 3B- 
3E). 

Traditionally, calculation of sensitivity and specificity was 
used to compare new imaging techniques [15, 19, 25]. How- 
ever, there may arise a dilemma in which one technique 
provides higher sensitivity, but lower specificity, and the rel- 
ative capacities of the two techniques cannot be determined 
[28]. Instead, ROC analysis provides a more meaningful 
approach to assess diagnostic performance of different tech- 
niques [27, 28]. In this study of iron oxide-enhanced MR 
imaging, the SE 1500/40 sequence yielded a significantly 
(p < .005) higher mean A, value than did contrast-enhanced 
CT. The three enhanced MR sequences reached higher mean 
A, values than did all unenhanced MR sequences. Inspection 


of images shows that improved lesion conspicuity and im- 
proved detection of small lesions (Fig. 2) correspond to the 
higher A, values for the iron oxide-enhanced MR images. Our 
ROC study design may even underestimate the true superi- 
ority of iron oxide-enhanced MR imaging, because the dem- 
onstration of more than one lesion in a given image did not 
affect the reader's scoring (Fig. 3). 

The number of lesions detected by the enhanced SE 1500/ 
40 sequence was 19% and 36% higher than the correspond- 
ing numbers for the best unenhanced MR sequence (SE 260/ 
14) and contrast-enhanced CT, respectively. The improved 
contrast between liver and lesion after injection of iron oxide 
allowed a higher detection rate for all enhanced sequences 
compared with their unenhanced counterparts. Notably, small 
lesions (5-20 mm in diameter) previously missed on unen- 
hanced MR or enhanced CT images were frequently visual- 
ized by enhanced MR (Table 2 and Fig. 3). This clinical result 
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Fig. 3.—Metastatic islet cell carcinoma. External biliary drainage with air in biliary tree. Ascites. Portal hypertension with esophagogastric varices. 

A, lodine-enhanced CT scan shows subcapsular hypervascular metastasis in right lobe of liver (arrows). 

B and C, SE 500/30 (B) and SE 1500/40 (C) MR images obtained before iron oxide injection. Metastasis is hypointense in B (arrows), not visible in C 
because of isointensity with surrounding liver. 

D and E, SE 500/30 (D) and SE 1500/40 (E) MR images obtained after injection of 20 „mol Fe/kg of AMI-25. Liver signal intensity decreased in both 
images resulting in better delineation of 2.5-cm subcapsular metastasis. In addition, two small (<5 mm) metastases (arrows) are only visible on enhanced 
MR images because of significantly increased lesion-tumor contrast. 


confirms animal experiments showing improved detection of 
millimeter-sized lesions by iron oxide-—enhanced MR imaging 
[26]. 

Lesion-liver CNR increased significantly (o < .01) for MR 
sequences after IV administration of iron oxide (Table 3). The 
increased CNR improved lesion recognition. The superiority 
of MR imaging over CT is apparently due to the higher tumor- 
liver contrast achieved by MR imaging. Unfortunately, com- 
parable quantitative analysis of contrast and noise on CT 
scans is not possible, and for comparisons we have to rely 
on our subjective visual impression. Indeed, inspection of 
images confirms that increased tumor-liver contrast allows 
the detection of additional lesions, particularly smaller ones 
(Figs. 2 and 3). Animal experiments have shown that greater 
image CNR lowers the threshold size at which metastases 
are detected [26]. Therefore, it is no surprise that the se- 


quence achieving the highest CNR (enhanced SE 1500/40) 
found the greatest number of lesions (Table 2) and yielded 
the highest ROC indexes (Table 1). 

The technique of contrast administration (drip infusion) used 
in one of our patients did not contribute to the poor perform- 
ance of CT, because a separate analysis excluding this patient 
showed the same results (in terms of the number of lesions 
detected). Claims have been made that technical variations in 
the administration of iodinated contrast agents may allow 
detection of up to 15% more lesions [17] or hide up to 13% 
of lesions [41]. However, these two studies did not test the 
statistical significance of their observations. Our results show 
36% more lesions detected with enhanced MR sequences 
than with CT. This increase is twofold to threefold greater 
than differences among various CT enhancement methods 
(16, 17, 41]. 
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The conventional SE pulse sequences used in this study 
did not suppress or refocus signal from flowing blood, creating 
some difficulty in distinguishing peripheral hepatic vessels 
from small lesions. This was particularly true for iron oxide- 
enhanced MR imaging, because enhanced MR images dis- 
played more peripheral vascular structures than did contrast- 
enhanced CT scans. Furthermore, small vessels and lesions 
exhibit similar signal intensities on iron oxide-enhanced MR 
images, whereas they often (but not always) show different 
X-ray attenuation on contrast-enhanced CT scans. This pos- 
sibility of distinguishing vessels from lesions on contrast- 
enhanced CT may even have favored CT. In the future, this 
difficulty may be overcome with the implementation of rapid 
MR imaging during the injection of iron oxide [30] or the use 
of pulse sequences designed to identify the signal of flowing 
blood [42]. Nevertheless, even without any special pulse- 
sequence techniques or flow compensation, enhanced MR 
proved superior to enhanced CT in this study. 

Several groups have shown that unenhanced MR is com- 
petitive with contrast-enhanced CT for assessment of hepatic 
tumors [19-25, 43]. Our results indicate that the diagnostic 
performance of hepatic MR imaging can be further improved 
by administration of iron oxide. Reviewing the data justifying 
contrast-enhanced liver CT, we see a greater impact of con- 
trast media on liver MR, even at this early stage of develop- 
ment. In a recent study of iron oxide—enhanced MR at 1.5 T, 
Marchal et al. [44] showed similar gains in terms of CNR and 
improved performance of standard SE (moderate TR) pulse 
sequences when enhanced by iron oxide. indeed, their en- 
hanced SE 800/60 sequence showed more lesions than their 
enhanced SE 2200/70 sequence in a much shorter acquisition 
time. However, both enhanced sequences visualized a slightly 
smaller number of lesions than did their standard unenhanced 
sequence for clinical evaluation of liver lesions (SE 2200/70 
with gradient nulling motion compensation), and they con- 
cluded that the benefit of iron oxide enhancement was only 
marginal. Our results at a midfield system clearly differ from 
those of Marchal et al. Iron oxide-enhanced MR significantly 
improved detection of liver metastases compared not only 
with sequences with known low hepatic tumor conspicuity 
(SE 500/30 and SE 1500/40,80) [38] but also with our stand- 
ard unenhanced sequence for liver tumor screening (short 
TR/short TE). With careful pulse-sequence optimization, the 
performance of MR with respect to lesion-liver contrast or 
examination time will increase even further [45]. The apparent 
superiority of enhanced MR imaging over iodine-enhanced 
CT of the liver now justifies prospective, multicenter trials to 
establish the role of iron oxide-enhanced MR in screening 
patients at risk for cancer. 
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Routine Liver Function Tests and 
serum Amylase Determinations 
After Biliary Lithotripsy: 


Are They Necessary? 





Shock-wave-induced soft-tissue damage after biliary extracorporeal shock-wave lith- 
otripsy (BESWL) has been reported. Every patient treated in Vancouver has, therefore, 
had liver function tests and serum amylase levels measured before and within 6 days 
after BESWL. All patients had symptomatic cholecystolithiasis with norma! pre-BESWL. 
biochemistry. Analysis of 311 patients after treatment with the Siemens Lithostar unit 
showed elevation of one or more laboratory value in 19% (60/311). Serum aspartate 
transaminase level was most frequently abnormal (38 cases). The majority of abnor- 
malities were mild, less than two times normal levels. Clinically significant complications 
occurred in five patients (three pancreatitis, one cholecystitis, one common bile duct 
obstruction); four of these occurred 1 week or more after treatment. The results of 
routine laboratory tests could not be used to predict complications. No correlation was 
seen between abnormal values and number of shock waves administered or peak 
shock-wave pressure. Of 112 patients surveyed at the time of post-BESWL enzyme 
measurement, 49 (44%) reported a degree of pain, which was severe in eight cases. 
Presence of severe pain correlated strongly (p < .001) with abnormal laboratory findings, 
however not with the degree of abnormality. 

As results of these laboratory tests are nonspecific, have not been shown to correlate 
with the degree of severity of BESWL-induced tissue damage, and do not predict 
complications, the tests are of little value in the absence of clinical signs and symptoms. 
These conclusions, however, apply only to the Siemens Lithostar Plus with patients 
treated in the steep left posterior oblique position. Cost savings can be expected if 
routine post-BESWL biochemical tests are abandoned. 


AJR 155:771-774, October 1990 


Shock-wave-induced soft-tissue damage after biliary extracorporeal shock-wave 
lithotripsy (BESWL) has been reported as a direct effect of the sonic pulsation or 
as a result of the process of cavitation, in which rapid expansion and collapse of 
tiny air bubbles induced by the shock wave injure adjacent tissue [1~7]. The 
common histologic finding is vascular damage with focal hemorrhage and edema 
[1, 6]; in the liver, small subcapsular hematomas may result [2, 8]. Clinically 
apparent complications related to BESWL include superficial bruising and biliary 
colic. More significant complications such as pancreatitis, cholecystitis, and com- 
mon bile duct obstruction occur much less commonly [9, 10]. 

At Vancouver General Hospital, patients with symptomatic chojecystotithiasis 
selected for BESWL must show normal liver function and serum amylase level 
before therapy. Routine follow-up laboratory tests are obtained after treatment in 
an attempt to detect hepatic and pancreatic damage in the periprocedural period. 
With any elevated level, subsequent BESWL is postponed unti! laboratory values 
return to normal. 

Routine chest radiographs have already been shown to be unnecessary before 
and after BESWL [11]. Decreasing the number of laboratory investigations per- 
formed after cholecystolithotripsy should result in considerable cost saving. 
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Materials and Methods 


Records of consecutive BESWL sessions performed between 
September 1988 and September 1989 were reviewed. A total of 311 
lithotripsy sessions (202 in females and 109 in males), representing 
treatment of 178 patients, fulfilled the inclusion criteria [12]. The mean 
age was 51 years (range, 14-83 years). All patients were treated on 
an outpatient basis with a Lithostar Plus (Siemens, Erlangen, West 
Germany) overtable shockhead module lithotripter. The Lithostar 
uses an electromagnetic shock-wave generator and is considered a 
medium-energy unit with a small focal area [13]. The maximal number 
of shockwaves administered was 4000 at energy levels ranging from 
settings 4 to 8. These settings produce a peak positive focal pressure 
range from 40 to 70 MPa. 

Follow-up biochemical tests consisting in measurements of serum 
alkaline phosphatase, total bilirubin, aspartate transaminase, and 
amylase levels were scheduled for 48-72 hr after BESWL. As many 
patients failed to appear within this period, any results up to and 
including 6 days after lithotripsy are included. Any patient failing to 
obtain biochemical tests within this 6-day period was excluded from 
the study; none of this group experienced a significant complication. 
in the presence of an elevated laboratory value, the patient was 
clinically assessed and further testing was arranged. The patient was 
treated again only when the level returned to normal. Any episodes 
of pancreatitis, cholecystitis, or common bile duct obstruction occur- 
ring during the study period were recorded. 

Patients’ symptoms after BESWL were evaluated for 112 consec- 
utive treatment sessions and compared with results of serum bio- 
chemistry. This comprised a subset of the population described 
above. Postlithotripsy discomfort was assessed at the time of follow- 
up blood work and sonography (i.e., within 6 days of BESWL) and 
rated 0 to 4 (0 = no pain, 1 = mild discomfort; 2 = moderate pain 
requiring nonprescription medication; 3 = severe pain requiring pre- 
scription medication or emergent visit; 4 = severe pain necessitating 
admission). Information was obtained by blinded observers; symp- 
toms obviously unrelated to lithotripsy were excluded. 

The statistical significance of differences between groups was 
assessed either by the chi-square test or by Fisher's exact test, p 
values less than .05 were regarded as significant. 


Results 


Two hundred fifty-one (81%) of 311 sessions were asso- 
ciated with normal post-BESWL biochemistry results within 6 
days of treatment, whereas 60 (19%) resulted in one or more 
elevated values. Results are summarized in Table 1. In 53 of 
60 cases, one value was elevated, whereas in four cases, 
two values were high. Three sessions were associated with 
abnormality in three of the four measured factors. A total of 
70 individual abnormal values was therefore identified after 
60 BESWL sessions. Aspartate transaminase level was most 
frequently elevated (38 of 60 cases) and was always abnormal 
if more than one enzyme level was high. Comparison of 
laboratory results obtained within 72 hr of BESWL with those 
obtained between 3 and 6 days after lithotripsy showed a 
higher frequency of biochemical abnormalities in the former, 
22% vs 15%. This was not, however, statistically significant, 
and degree of abnormality also failed to show a significant 
trend. 

The degree of elevation in each of the parameters measured 
is outlined in Table 1. The great majority of these are minor. 
Of note, no amylase level measured in excess of 15% above 
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the upper limits of normal. One patient required intervention 
in this period (ERCP) for relief of common bile duct obstruction 
and, although his blood tests showed elevated levels of 
alkaline phosphatase, aspartate transaminase, and amylase, 
none of these enzyme levels rose more than 5% above the 
upper limit of normal. The patient with 19-foid elevation of 
aspartate transaminase level also had mildly elevated levels 
of alkaline phosphatase and bilirubin, and colicky pain in the 
right upper quadrant, but pain resolved and values returned 
to normal rapidly with conservative treatment. 

No significant difference was seen in mean number of shock 
waves delivered per treatment, peak shock wave pressure, 
or age (p > .05) between the groups with normal and abnor- 
mal serum biochemistry (Table 2). Although females showed 
abnormal values more often than males did, this trend was 
not statistically significant. 

Significant complications occurred in five patients, two of 
whom had abnormal postlithotripsy biochemistry results and 
three of whom had normal values. Common bile duct obstruc- 
tion requiring ERCP occurred the day of lithotripsy in one 
patient and is described above. One case of pancreatitis, 
developing several days after a most likely unrelated minimal 
(less than 5%) elevation in aspartate transaminase level, was 
detected after lithotripsy. The three complications in the group 
with normal biochemistry results occurred 10 days (cholecys- 
titis) and 4 and 6 weeks (pancreatitis) after BESWL. 

Of the 112 patients who fulfilled inclusion criteria for the 
larger study group and who also were asked about discomfort 
after BESWL, 63 (56%) were free of pain, and 49 (44%) 
experienced some pain (Table 3). Most described their pain 
as mild or moderate (41 of 49), whereas eight of 49 required 
prescription medications or hospital admission for pain relief. 
Overall frequency of abnormal biochemistry results was lower 


TABLE 1: Abnormalities in Serum Biochemistry After Biliary 
Extracorporeal Shock-Wave Lithotripsy 


Degree of Elevation (x normal) 
Tota eet 
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Aikaline phosphatase 13 11 2 0 0 0 
Aspartase transaminase 38 28 4 2 3 1(19x) 
Bilirubin 12 1i 0 1 0 0 
Amylase 7 7 0 0 o o0 


TABLE 2: Relationship of Treatment Variables to Laboratory 
Values After Biliary Extracorporeal Shock-Wave Lithotripsy 


Laboratory Values After 


Treatment Data Lithotripsy 
Normal Abnormal 
No. of shock waves per treat- 2996 2983 
ment (mean) 
Mean peak shock-wave 6.7 6.8 
power setting 
Mean age (years) 51 51 
Sex 
Male 93 16 
Female 158 44 
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in this group of 112 patients (14%) than in the study group 
as a whole. Although patients reporting discomfort were twice 
as likely to have abnormal laboratory results as were pain- 
free patients, the relatively small numbers preclude statistical 
significance. However, if patients with mild or moderate pain 
are grouped with pain-free individuals, it becomes evident 
that only 10% (10 of 104) showed abnormal biochemical 
values, whereas 75% (six of eight) of those with severe pain 
had elevated values (Table 3). This correlation is highly signif- 
icant (p = .001, Fisher’s Exact Test). Of the 16 treatment 
Sessions in this part of the study that were associated with 
abnormal follow-up biochemistry, no correlation was seen 
between degree of enzyme elevation and presence or extent 
of discomfort. In fact, the most abnormal result occurred in a 
patient who had no pain. The one patient with severe pain 
requiring admission had an obstruction in the common bile 
duct with mild enzyme elevations (<5%) and has been de- 
scribed before. 


Discussion 


The 19% frequency of abnormal liver function tests and 
amylase level after cholecystolithotripsy in this series is higher 
than the “no significant elevation” to less than 12% prevalence 
reported elsewhere [9, 10, 14, 15]. Several factors most likely 
contribute to the difference. It is difficult to know what is 
considered “significant” by other centers; any value in our 
Study outside the upper limit of normal was entered into the 
abnormal group. Of the four compared studies, three used 
Spark-gap shock-wave generators, and one [15] used a pie- 
zoelectric generator. Direct comparison with equipment from 
other manufacturers is difficult [16] because of the range of 
focal zones, gain, and patient positioning. The relatively large 
number of shock waves administered per session in our unit 
may account for the increased frequency of biochemical ab- 
normalities, although within this study no correlation was seen 
between higher number of shocks and enzyme changes. Part 
of the increased frequency of abnormality probably reflects 
timing of post-BESWL blood work. Other researchers (9, 10, 
14, 15] have obtained samples within 24 hr of therapy, 
whereas our range of 1 to 6 days reflects a combination of 


TABLE 3: Relationship Between Pain and Laboratory Values 
After Biliary Extracorporeal Shock-Wave Lithotripsy 


anne eaten ene re 
Laboratory Values 


Symptoms After After PRROYIPSY: Total 
Lithotripsy Normal Abnormal (7 = 112) 
Bates (%) (%0) i a 
None 57 (90) 6 (10) 63 (56) 
Pain (any degree) 39 (80) 10 (20) 49 (44) 
Mild 25 2 27 
Moderate 12 2 14 
Severe 2 5 7 
Severe + hospital admission 0 1 1 
None + mild + moderate pain 94 (90) 10°(10) 104 (93) 
Severe pain 2 (25) 6° (75) 8 (7) 


* Significant p < .001. 
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immediate increases in serum laboratory values and any that 
may relate to tissue damage but show a delayed peak. Those 
related to fragment passage are thus also more likely to be 
detected in our series. We do not know of any study in which 
serum enzymes have been evaluated daily after BESWL. in 
human subjects. 

In order to determine whether routine biochemical evalua- 
tion is necessary after gallstone lithotripsy, the rationale for 
obtaining these values should be examined. We hope to 
assess shock-wave damage to the liver and pancreas, ob- 
serve effects of stone-fragment passage on these organs, 
and (ideally) predict significant complications. Abnormal val- 
ues also are used to select patients who should not undergo 
further BESWL until repeated testing shows normal values. 
Unfortunately, none of the entities measured is specific for a 
particular process, making the significance of minor abnor- 
malities virtually impossible to assess. 

Aspartate transaminase is released into the circulation with 
hepatocyte injury but may increase as a result of biliary 
obstruction [17], to a mild degree with vigorous exercise 
[18], and with common medications [19]. Abnormalities in 
bilirubin level may occur as a result of cholestatic or hepato- 
cellular disease [19], or could reflect hemolysis during litho- 
tripsy. Elevation of alkaline phosphatase level, although often 
signifying bile duct obstruction, also can increase in inflam- 
matory liver diseases and disorders of bone metabolism 
[17]. Similarly nonspecific is serum amylase level, which can 
rise with gut wall damage, sphincter of Oddi spasm, and 
common bile duct stones without clinical evidence of pan- 
creatitis [20]. Even in patients with blunt abdominal trauma 
and elevated amylase levels, less than 10% have detectable 
pancreatic injury [21]. 

Correlation of histologic or imaging evidence of organ dam- 
age with elevated serum biochemistry would be useful in 
order to substantiate the premise that elevated values indicate 
tissue injury. Although changes after BESWL have been 
documented in the liver, gallbladder, gut, and lung of experi- 
mental animals [6, 8], any coexistent biochemical abnormali- 
ties have not been reported. Pathologic examination in hu- 
mans has been restricted to the gallbladder, either in vivo [4] 
or in vitro [2], and again without synchronous blood tests. 

Early postlithotripsy biochemistry evaluation is a poor pre- 
dictor of clinically significant complications, which, in this and 
other studies [9, 10, 14, 15, 22], tend to occur not acutely 
but as a result of passage of stone fragments as long as 6 
months after treatment. In the single case of common bile 
duct obstruction occurring within 24 hr of lithotripsy, blood 
work was obtained because of clinical presentation rather 
than because of our protocol. 

Arguments also can be made against the use of abnormal 
post-BESWL blood work to select patients who should not 
undergo further shock-wave treatment. First, many patients 
will not require another session. This was true in 25 of the 60 
cases with abnormal biochemistry results in this study (and 
is expected to occur more frequently in those centers using 
oral chemolitholytics). Second, the presence of normal bio- 
chemistry values shortly after lithotripsy does not ensure that 
these values will be normal at subsequent treatment dates, 
when enzymatic changes associated with fragment passage 
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may be present. Finally, clinical members of the lithotripsy 
group at this hospital are now considering continuing BESWL 
treatments even in the face of isolated, mild, persistent bio- 
chemical abnormalities. 

It is therefore evident that little is gained by obtaining these 
post-BESWL blood tests in all patients. If it is desirable to 
identify those most likely to have biochemical abnormalities, 
patients with severe pain may be tested. However, given the 
low frequency of complications in this group and the lack of 
correlation between degree of pain and degree of enzyme 
elevation, laboratory findings are useful only as an adjunct to 
overall clinical assessment. 

We conclude that routine biochemical evaluation after 
BESWL in our Siemens Lithostar Plus unit is unjustified. 
Considerable cost savings are expected if this practice, like 
the routine post-BESWL chest radiograph, is abandoned. 
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The Value of Extracorporeal 
Shock-Wave Lithotripsy in the 
Management of Bile Duct Stones 





We evaluated the role of biliary extracorporeal shock-wave lithotripsy in treating 70 
symptomatic patients with bile duct stones in whom endoscopic or percutaneous 
radiologic attempts at basket extraction had failed. Forty-four patients had common bile 
and/or common hepatic duct stones, 21 patients had cystic duct stones, and five 
patients had intrahepatic duct stones. A total of 43 patients (61%) had compiete 
elimination of stone fragments during the initial treatment period. if patients in whom 
stones were successfully fragmented yet not totally eliminated on initial hospital treat- 
ment but who were asymptomatic at follow-up times of 8-22 months are included, the 
overall successful treatment rate was 83%. Stones were cleared in 26 of 44 common 
bile/hepatic duct stone patients, spontaneously in seven patients and after endoscopic 
or percutaneous radiologic intervention in 19 patients. Fifteen (71%) of 21 patients had 
cystic duct stones successfully cleared. The fragments in two of five patients with 
intrahepatic duct stones also were cleared. Five patients (7%) had minor side effects. 
Seven (10%) of 70 patients went on to have surgery. Complications after 30 days 
occurred in five patients (7%); two required repeated endoscopy with fraqment extrac- 
tion, two required placement of an endoprosthesis, and one died. 

We conclude that biliary extracorporeal shock-wave lithotripsy is valuable as an 
adjuvant to standard interventional techniques for removing bile duct stones. 
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Biliary extracorporeal shock-wave lithotripsy (BESWL) is now a recognized 
method for treating bile duct stones when other methods have failed, and it has a 
reported success rate of up to 93% [1-4]. The mainstay for treating bile duct 
Stones is endoscopic retrograde cholangiography (ERC) and sphincterotomy with 
Stone extraction, which in experienced hands has a successful stone clearance 
rate of around 90% [5]. If a T-tube is in place, then the radiologic means of stone 
extraction via the T-tube tract has a greater success rate (95%) for duct clearance 
with lower morbidity and mortality rates [6]. We have previously reported our 
preliminary experience with BESWL in treating both common duct and cystic duct 
Stones with a first-generation lithotripter [7]. We now describe the value of BESWL 
in the treatment of an additional 62 patients with bile duct stones by using a 
second-generation, bathless lithotripter. 


Subjects and Methods 


Between October 1987 and October 1989, 70 symptomatic patients with bile duct stones 
were treated with BESWL after failure of radiologic or endoscopic attempts to remove some 
or all of these stones with standard basket extraction techniques. All radiologic procedures 
were performed in our institution, whereas ERC was performed by several different clinicians, 
and approximately one third of the ERC procedures were performed in outside institutions. 
Of the 70 patients, 46 had common bile duct (CBD) and/or common hepatic duct (CHD) 
stones, 21 patients had cystic duct (CD) stones, and five patients had intrahepatic duct (IHD) 
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stones. One patient had both CBD and CD stones treated, and one 
other patient had both CBD and IHD stones treated. 

The first eight patients were treated on a Dornier HM-3 lithotripter 
(Munich, West Germany), and all required epidural anesthesia. The 
subsequent 62 patients were treated on a Lithostar Plus (Siemens, 
Erlangen, West Germany), with IV analgesia and/or transcutaneous 
electrical nerve stimulation in 51 patients (84%), no analgesia in 10 
patients (16%), and epidural anesthesia in one patient (2%). Of the 
62 patients treated with the Lithostar Plus, 58 patients (94%) had 
stones targeted in the prone position by using overhead, biplanar 
fluoroscopy with prior bile duct opacification. Fluoroscopy time 
ranged from 1.1 to 11.3 min (mean, 5.3 min). Stones in the other four 
patients were targeted sonographically with the patient supine by 
using the overhead module. These four patients included two patients 
with impacted CD stones, one patient with a large CHD stone, and 
one patient with IHD stones. 

There were 36 men and 34 women, with an age range of 29-99 
years (mean, 71.5 years). Previous cholecystectomy had been per- 
formed in 41 (59%) of 70 patients. Fifteen (71%) of 21 patients with 
CD stones had an in situ gallbladder, all were high-risk patients who 
had had cholecystostomy performed for acute gallbladder disease. 
The other six patients had retained CD stump stones missed at 
cholecystectomy. Of the CBD, CHD, and IHD patients, 16 had solitary 
stones, eight had two stones, six had three stones, four had four 
stones, and 17 had five or more stones. Maximal stone diameter 
ranged from 0.8 to 3.5 cm (mean, 2.13 cm). 


TABLE 1: Opacification Route and Method of Targeting 


Opacification Route CBD and CHD CD IHD 


Nasobiliary catheter 25 0 1 
Transhepatic catheter 10 2 2 
Cholecystostomy catheter 0 Ie 0 
T-tube catheter 8 5 1 
Sonography 1 2 1 


Note. —CBD = common bile duct; CHD = common hepatic duct; CD = 
cystic duct; IHD = intrahepatic duct. 

a includes one calcified stone that did not require contrast material for 
targeting. 

> All five patients had retained stones after cholecystectomy. 


TTT 
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Of the 21 CD patients, 16 (76%) had solitary stones, and none 
had more than two stones. The maximum stone size treated was 2.5 
cm (mean size, 1.17 cm). 

Five patients had underlying biliary disease: three with recurrent 
pyogenic cholangiohepatitis, one with Caroli disease, and one with 
primary sclerosing cholangitis. Mirizzi syndrome was diagnosed in 
one other patient after cholecystectomy. 

The route of opacification and the method of targeting are shown 
in Table 1. Those patients who had nasobiliary catheters in place all 
had undergone endoscopic sphincterotomy (ES) at the time of failed 
stone extraction (Fig. 1). The catheters were placed above the calculi 
whenever possible. Percutaneous transhepatic catheters were in- 
serted in 10 patients, eight of whom had prior ERC, with ES per- 
formed in five. Patients with cholangitis underwent lithotripsy after a 
period of biliary catheter drainage and appropriate antibiotic therapy. 
Patients who had no clinical evidence of infection were not given 
antibiotics routinely. 

In the treatment of CBD/CHD stones, the number of shocks given 
ranged from 700 to 26,000 (mean, 7254). The average number of 
treatment sessions required was 2.26 (range, 1-7). 

The number of shocks given for CD stones ranged from 1231 to 
13,655 (mean, 5712). The average number of treatment sessions 
was 1.71 (range, 1-4). 

The number of shocks given to the five patients with IHD stones 
ranged from 5513 to 9000 (mean, 7504). The average number of 
treatment sessions was one to four (mean, 2.4). No more than 4000 
shocks were administered in each treatment session, with a minimum 
time interval of 48 hr between sessions. No oral adjuvant chemolith- 
olysis or contact dissolution agents were used. 


Results 


Twenty-six (59%) of 44 patients with CBD/CHD stones 
were discharged from the hospital clear of fragments and 
stones. Of these 26 patients, seven passed fragments spon- 
taneously as confirmed by follow-up cholangiography; five of 
the seven had had ES performed and the other two patients 
had T-tube tracts. The remaining 19 patients required adju- 
vant techniques to clear the bile ducts (Table 2). This included 


Fig. 1.—A, Digital fluoroscopic image during 
targeting of 20-mm stone in common bile duct 
with contrast material injected via nasobiliary 
catheter. Total of 3500 shocks were adminis- 
tered to largest stone and 1000 shocks to 
smaller stones in common hepatic duct. 

B, Nasobiliary cholangiogram 24 hr later re- 
veals multiple stone fragments less than 5 mm 
in diameter. 
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TABLE 2: Method of Fragment Clearance After Lithotripsy 


l No. of Patients T-Tube 
Site Cleared (%) RAG: Extraction 
CBD/CHD 26/44 (59%) 12 5° 
CD 15/21 (71%) 1 1 
IHD 2/5 (40%) 1 0 


Transhepatic Transcholecystostom 


y Spontaneous 


Extraction Extraction 
2 0 7 
0 9 4 
1 0 0 


Note.—CBD = common bile duct; CHD = common hepatic duct; CD = cystic duct; IHD = intrahepatic duct: 


ERC = endoscopic retrograde cholangiography. 


“Includes one patient who required adjuvant intracorporeal electrohydraulic lithotripsy. 


12 patients with ES who underwent ERC on up to three 
separate occasions. One patient required balloon dilatation of 
a common hepatic duct stricture in order to completely clear 
the ducts of fragments (Fig. 2). 

Of the remaining 18 patients in whom the ducts could not 
be cleared with BESWL and adjuvant techniques, 15 had 
fragments smaller than 5 mm. The other three patients re- 
quired surgery to clear the ducts, one because of a large 18- 
mm stone refractory to treatment despite receiving 10,464 
shocks during three treatment sessions, one because of 
recurrent pain from persisting fragments, and one because 
pancreatitis developed and the patient underwent cholecys- 
tectomy and bile duct clearance. The last two patients had 
persistent fragments larger than 5 mm. 

Of the 15 patients with retained fragments, 10 remain 
asymptomatic with follow-up times of between 2 and 26 
months (mean, 11.9 months); all 10 had fragments smaller 
than 5 mm. Recurrent cholangitis developed in three patients 
and pancreatitis in one; all four had further ERC performed 
during which two patients had their ducts cleared and two 
had an endoprosthesis inserted because of failure to extract 
all residual stone fragments. The final patient had recurrent 
episodes of painless jaundice assumed to be due to his 
underlying primary sclerosing cholangitis. It is not known 


Fig. 2.—A, T-tube cholangiogram shows two 
calculi in common hepatic duct (CHD) lying prox- 
imal to a stricture in CHD and one calculus in 
right hepatic duct. 

B, Cholangiogram obtained 24 hr after litho- 
tripsy shows successful fragmentation after 
3021 shocks were targeted to all three stones. 


whether this patient has residual or recurrent stones in the 
biliary tree. 

When those patients in whom fragments were successfully 
cleared at the initial time of treatment (26) are compared with 
those in whom the ducts did not clear (18), the difference 
between the age groups is statistically significant. Patients 
who were treated successfully were younger (mean age, 66 
years) than the patients in whom treatment failed (mean age, 
75 years) (Wilcoxson Rank Sum Test, p = .0289). There was 
a tendency to use more shocks in the older group that was 
significant only at the 10% level (p = .835). No statistically 
significant difference was seen in stone size or stone number 
between the two groups (p = .1707 and .1416, respectively). 

Of the 21 patients with cystic duct stones, 15 (71%) had 
stones and fragments cleared after a maximum of two litho- 
tripsy treatment sessions. This group included 12 patients 
with in situ gallbladders, eight of whom had a previously 
occluded cystic duct that was rendered patent after treat- 
ment. Eleven of the 15 patients required further percutaneous 
extraction of stone fragments to clear the biliary tree. In four 
cases, fragments passed spontaneously most probably via 
the gallbladder and cholecystostomy tract (Table 2). Of the 
six patients in whom the cystic ducts were not adequately 
cleared, the three patients with in situ cholecystostomy cath- 
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eters went on to have cholecystectomy. The other three 
patients had retained cystic duct stump stones and are 
asymptomatic with a follow-up time of between 5 and 23 
months. 

When the successfully treated CD stone group (n = 15) 
was compared with the unsuccessfully treated group (n = 6), 
the difference between the stone sizes, stone numbers, and 
number of shocks used was not statistically significant (Wil- 
coxson Rank Sum Test, p = .929, .1719, and .6123, respec- 
tively). 

Of the five patients with IHD stones, two patients had their 
biliary tree cleared; both required adjuvant treatment, one via 
the transhepatic route and one via the endoscopic route 
(Table 2). Three patients had partial stone clearance; two of 
the three were known to have recurrent pyogenic cholangio- 
hepatitis and remain asymptomatic at follow-up times of 8 
and 22 months. The third patient also remains asymptomatic 
despite retained stone fragments, the appearances of which 
are compatible with Caroli disease, within a large dilated 
intrahepatic biliary radicle. 

Stones in six (9%) of 70 patients did not show evidence of 
fragmentation. This included two patients with CBD stones, 
one of whom required surgery and one of whom required 
insertion of an endoprosthesis. The other four cases were 
managed expectantly. 

In all 70 patients, recorded side effects were few; fever 
developed in three patients, asymptomatic hyperamylasemia 
in one patient, and hemobilia in one patient. All five patients 
were treated conservatively without further morbidity. Three 
patients died after 30 days. One 90-year-old woman died 7 
weeks after lithotripsy treatment. This patient had recurrent 
cholangitis and septicemia in which satisfactory biliary drain- 
age was not achieved despite successful fragmentation and 
repeated attempts to clear the ducts at ERC in an outside 
institution. The other two deaths were in patients aged 85 
and 95 who were discovered on follow-up ERC to have 
malignant bile duct strictures that were satisfactorily stented, 
but both died approximately 2 months after stent insertion. 


Discussion 


There are several nonsurgical means of treating bile duct 
stones, of which ES with stone extraction is the most widely 
used. If a postoperative T-tube is in place, then percutaneous 
radiologic stone extraction with the Burhenne technique 
should be the method of choice because of its much lower 
morbidity and zero mortality rate [6]. 

Other means of nonsurgical access to the biliary tract are 
via the transhepatic and transcholecystic routes. Large stones 
in excess of 2 cm in maximal diameter are notoriously difficult 
to remove by any nonsurgical route and have to be frag- 
mented before percutaneous or endoscopic extraction. Sev- 
eral means are now available for fragmentation, including the 
use of contact dissolution agents such as methyl tert-butyl 
ether (MTBE) or monooctanoin [8, 9]. Intracorporeal litho- 
tripsy can be performed at the time of endoscopy or percu- 
taneous manipulation by way of mechanical fragmentation 
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with conventional baskets [10], rotational catheters [11], ul- 
trasonic contact lithotripsy [12], electrohydraulic lithotripsy 
(13, 14] and laser lithotripsy with a pulsed tunable dye [15], 
a continuous wave Nd-YAG laser, or a copper vapor laser 
[16]. 

Some authors claim success rates of up to 100% for the 
various methods of bile duct stone fragmentation and extrac- 
tion, albeit in small selected series [14]. Current data suggest 
that no strong evidence favoring any one of these techniques 
is available. In those cases in which suitable expertise is not 
available or stones are not removed, BESWL has proved to 
be extremely valuable in fragmenting intrahepatic, bile duct, 
and cystic duct stones such that fragments either pass spon- 
taneously or can easily be removed by adjuvant techniques. 
Few cases should require surgery with its attendant risks, 
especially in the elderly and high-risk age groups in which 
many of these cases of recurrent or retained stones occur. 

We initially reported our experience with BESWL in the 
treatment of four cases of bile duct stones and four cases of 
cystic duct stones with the Dornier HM-3 lithotripter [7]. We 
have now treated another 62 patients with a Siemens Lith- 
ostar Plus lithotripter, which includes an overhead module for 
sonographic targeting and produces shock waves of higher 
energy than the fluoroscopically targeted undercouch shock 
head. However, in only four patients were the stones ade- 
quately visualized with sonography to enable the use of the 
overhead module. The major route of cystic duct opacification 
for targeting was via a cholecystostomy tract, as we perform 
a mini-cholecystostomy under local anesthetic in those high- 
risk patients who present with acute gallbladder disease [17, 
18]. Through this tract, access is gained to the gallbladder 
for both bile drainage and early radiologic stone extraction. 
By treating patients in this manner, morbidity and mortality 
have been significantly reduced without the need for chole- 
cystectomy. BESWL has a significant role to play in the 
management of impacted cystic duct stones when percuta- 
neous extraction has failed. Treatment can be performed 
either during the same hospital admission, within 5-10 days 
of cholecystostomy, or on an outpatient basis. In either situ- 
ation, symptoms and signs of acute gallbladder inflammation 
should have resolved before treatment with BESWL. 

Our overall success rate for fragment clearance of all bile 
duct stones with the Siemens Lithostar Plus lithotripter is 43/ 
70 patients (61%), which is not as high as the success rates 
in several previously reported studies [1-4], although better 
than that in a recent study that used sonographicaily guided 
lithotripsy [19]. There are several possible explanations. First, 
in our patients we do not pursue fragments smaller than 5 
mm that remain within the bile ducts of patients who have 
had adequate sphincterotomies. These patients are treated 
expectantly and, of the 15 patients with fragments smaller 
than 5 mm in size, 10 remain asymptomatic on follow-up, and 
it is assumed that such small fragments pass spontaneously. 
This was confirmed in three of these 10 patients in whom 
follow-up ERC was performed. If the figures are analyzed so 
that those patients who remain asymptomatic are included 
with those patients whose ducts were cleared, then the 
combined figure for successful treatment would be 58/70 
(83%), which is comparable with that in other series. 
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When those patients who had successful fragmentation 
and clearance are compared with the unsuccessfully treated 
group of patients, it appears that, in our series, the most 
significant factor is the patient's age. The more elderly the 
patient, the less successful is bile duct clearance. This may 
be because these are high-risk, generally debilitated patients, 
so they are perhaps not treated as aggressively as younger 
patients. Our results differ somewhat from other series in that 
the maximal stone size and stone number have little bearing 
on the outcome of combined lithotripsy treatment with radio- 
logic and/or endoscopic intervention. 

it was more difficult to clear fragments of IHD stones. Only 
two of five patients were discharged having had their ducts 
cleared. Ail patients had four or more stones, and three 
patients in whom the fragments were not extracted had 
underlying biliary disease, two with recurrent pyogenic cho- 
langiohepatitis and one with Caroli disease. However, on 
follow-up, all three patients remain asymptomatic between 6 
and 23 months after lithotripsy treatment. Despite these small 
numbers of patients with IHD stones, we conclude that 
BESWL has a definite role in clearing stones from the intra- 
hepatic biliary tree in patients with normal anatomy and has 
rendered three patients with an abnormal biliary tree asymp- 
tomatic. 

There are several alternatives to surgery for treating bile 
duct stones when standard percutaneous or endoscopic tech- 
niques have failed. The methods available depend on local 
expertise and access to appropriate equipment. We believe 
BESWL to be the safest means of treating difficult bile duct 
Stones with a high success rate of fragment clearance and 
low morbidity. The procedure is well tolerated, and there are 
no contraindications to treatment, providing the patient has 
adequate biliary drainage and active pancreatitis is not pres- 
ent. Multiple treatment sessions may be necessary with the 
Siemens Lithostar; however, general or epidural anesthesia 
is not usually required, and selected patients can be treated 
on an outpatient basis. To date no deaths directly attributable 
to the effects of extracorporeal shock waves in the biliary 
tract have occurred, and complications are few. BESWL is a 
valuable adjuvant to standard interventional means of remov- 
ing bile duct stones in several different locations within the 
biliary tree where those other techniques have failed. 
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Book Review 





Laser Angioplasty. Edited by Timothy A. Sanborn. New York: Liss, 121 pp., 1989. $49.50 


Laser Angioplasty, edited by Timothy Sanborn, is an excellent 
synopsis of the rapidly changing and evolving field of endovascular 
intervention. The text, consisting of 12 chapters, presents in a logical 
fashion all the relevant data about the early experience with laser 
angioplasty, mostly the resuits of work with various catheters that 
use thermal energy, the so called hot-tip probes. These chapters are 
detailed and complete. The results of vascular interventions pre- 
sented in these chapters, though, are “early” data, and long-term 
success and patency rates are not, and cannot, be presented. The 
foreword to the text, by Dr. Mitty, presents an unusually clear vision 
of the results of this evolving technology. 

This text has several contributors. It is intended for both radiologic 
and nonradiologic audiences and is weil written and edited, with little 
duplication of factual information from one chapter to the next. The 
illustrations and photographs are of excellent quality. Sequential 
chapters present the step-by-step method of performing a laser 
vascular intervention from both the percutaneous and surgical ap- 
proaches. The chapter by Dietrich on the surgical use of the hot-tip 
probe adds an interesting perspective for the radiologist. One inter- 


esting chapter deals with the noninvasive evaluation of peripheral 
vascular disease. Although concise, this chapter points out the ne- 
cessity for noninvasive evaluation before and after invasive proce- 
dures are performed. 

The first chapter in the book presents a brief discussion of laser 
physics. For any radiologist who performs laser angioplasty, this 
chapter is incomplete, and a more thorough review of laser physics 
can be obtained in other texts, such as Primer in Laser Angioplasty, 
by Ginsbery and White, or Evaluation and instillation of Surgical Laser 
Systems, edited by Appleberg. 

The text is an excellent source of information for radiology resi- 
dents desiring to get a “handle” on the basics of a rapidly evolving 
fieid. it will be of value to practicing radiologists who need to be 
acquainted with the topic. At $49.50, the book is relatively inexpen- 
sive and a good value. 
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Percutaneous Cholecystolithotomy 
with Endoscopic Lithotripsy by 
Using a Pulsed-Dye Laser: 
Preliminary Experience 





Percutaneous cholecystolithotomy with endoscopically directed lithotripsy with a 
pulsed-dye laser was performed in eight patients for the treatment of symptomatic 
gallstones. All patients had stones that were not amenable to therapy by less invasive 
techniques. During the first stage of a two-stage procedure, a cholecystostomy catheter 
was placed percutaneously. During the second stage, performed at least 10 days later, 
the stones were fragmented with a laser and removed. Fragmentation of the stones was 
successful in all patients. In six patients, the gallbladder was completely cleared of 
stones, as assessed with endoscopy and cholecystography. In two patients, residual 
fragments remained in the gallbladder. No laser-related complications occurred. 

This preliminary experience suggests that the pulsed-dye laser is safe and effective 
in endoscopically directed lithotripsy of gallbladder stones. 
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Percutaneous cholecystolithotomy is receiving increased attention as an option 
to surgical cholecystectomy in the treatment of symptomatic cholelithiasis. Several 
centers have reported success in gallstone fragmentation and removal via percu- 
taneous cholecystostomy by using various techniques, including mechanical stone 
extraction [1], ultrasonic lithotripsy [2-4], and electrohydraulic lithotripsy [2, 4, 5]. 
The use of a pulsed-dye laser, which transmits laser energy through a thin quartz 
fiber, has been studied in vitro for gallstone fragmentation and found to be effective 
[6]. Use of the pulsed-dye laser in human ureters and biliary ducts also has been 
found safe and effective in stone fragmentation [7, 8]. The use of the pulsed-dye 
laser in percutaneous endoscopically directed lithotripsy of gallbladder stones in 
swine has been described also (O'Leary DP et al., presented at the annual meeting 
of the American Gastroenterological Assn., May 1989) [9]. Recently, a case report 
was published describing endoscopically guided tunable dye laser lithotripsy of a 
pancreatic duct stone [10]. 

We report our experience in eight patients in whom percutaneous cholecystoiith- 
otomy was performed by using endoscopically directed laser lithotripsy. 


Subjects and Methods 


Eight patients were treated between June and November 1989. There were two men and 
six women, ranging in age from 31 to 83 years (average, 51 years). All patients had gallstones 
shown with sonography and had symptoms related to the gallstones. One patient was at 
high risk for complications of cholecystectomy because of pulmonary disease and did not 
qualify for another less-invasive therapy such as extracorporeal shock-wave uthotripsy 
(ESWL) or stone dissolution with methyl tert-butyl ether (MTBE). Two patients were intially 
treated with percutaneous cholecystostomy and contact dissolution with MTBE, which were 
unsuccessful, and elected to proceed with percutaneous cholecystolithotomy rather than 
surgical cholecystectomy. The remaining five patients, although not high surgical risks, desired 
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TABLE 1: Patient Data and Resuits 
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ee oe Caicified cee Access wot Seas: Initial Results Follow-up Sonograph 
Number of Stones Treatment me graphy 
(mm) Sessions of Shocks 
1 14 No 8 Transhepatic 1 1,510 Few small frag- 4.5-mm fragment 
ments’ 

2 4 Yes 8 Transhepatic 1 3,856 Clear Normal 

3 2 Yes 10 Subcostal 1 8,753 Clear Two 6-mm fragments? 

4 2 No 9 Subcostal 1 409 Clear No follow-up 

5 >10 Yes 5 Transhepatic 1 1,790 Residual stones Patient underwent elective 

cholecystectomy 

6 3 No 23 Subcostal 2 26,392 Clear Normal 

7 5 Yes 30 Subcostai 4 63,600 Clear Sludge only 

8 >20 No 10 Subcostal 1 1,573 Clear Two 2-mm fragments? 
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° Patient placed on ursodiol therapy. 


therapy for their gallstones other than cholecystectomy and did not 
qualify for either ESWL or dissolution therapy with MTBE. 

Of the eight patients treated, four had gallstones that were radio- 
lucent on plain film. The other four had stones that were at least 
partially calcified. The number of stones per patient ranged from two 
to more than 20, and the largest stone per patient ranged from 5 to 
30 mm in diameter (Table 1). 

The cholecystostomy catheter was placed percutaneously via a 
subcostal route if possible, or via a transhepatic route if subcostal 
access was precluded by the patient's anatomy. The patients were 
then discharged from the hospital, and after waiting at least 10 days, 
were readmitted for lithotripsy. The tract was dilated and a sheath 
was placed into the gallbladder through which endoscopic laser 
lithotripsy and stone removal could be accomplished. The patients 
were discharged the next day, returning as outpatients 1 week later 
for catheter removal after injection of contrast material to confirm 
tract maturity, as described by Picus et al. [5]. Patients with stone 
fragments remaining in the gallbladder after the procedure were 
treated with oral ursodiol (Actigall, Summit Pharmaceuticals, Summit, 
NJ). 

In one patient treated via a transhepatic tract, a 13-French peel- 
away sheath (Cook, inc., Bloomington, IN) was placed into the 
gallbladder and a pulsed-dye laser (MDL-1 LaserTripter, Candela 
Laser Corp, Wayland, MA) was used through a flexible 12-French 
pediatric bronchoscope (Olympus Corp, Lake Success, NY) to frag- 
ment the stones. 

in the other two patients treated via transhepatic tracts, 16-French 
peel-away sheaths (Cook) were placed into the gallbladder with safety 
guidewires in place. The flexible pediatric bronchoscope was used to 
guide laser lithotripsy while a small pediatric feeding tube was used 
alongside the endoscope to provide continuous saline irrigation. 

in five patients treated via subcostal, subhepatic tracts, Amplatz 
sheaths of from 24- to 28-French (inner diameter) were placed into 
the gallbladder to allow stone fragmentation and removal. in these 
five patients, standard rigid cystoscopes or a rigid cholelithoscope 
were used (both scopes manufactured by Richard Wolf, Inc., Rose- 
mont, IL). 

During lithotripsy, under endoscopic control, the laser fiber was 
applied directly to the stone and then energized. Although no specific 
stone fixation device was used, the Amplatz sheath was commonly 
advanced over the endoscope and used to trap stones against the 
gallbladder wall to limit stone movement during lithotripsy. Once they 
were small enough, the stone fragments were flushed out of the 
gallbladder through the sheath or retrieved with rigid endoscopic 
forceps. 


The pulsed-dye laser was operated at 60 mJ/pulse and with a 
maximum frequency of 10 pulses/sec. An average of 13,448 pulses 
were used per patient (range, 409-63,600) (Table 1). 


Results 


In six patients, the gallbladder appeared to be completely 
clear of stones and fragments on the basis of endoscopic 
examination and direct cholecystography before final catheter 
removal (Table 1). Of these six patients, five have since 
undergone follow-up sonography. Two patients have normal 
gallbladders on sonography, one patient has gallbladder 
sludge, and the other two patients each show two small 
stones or stone fragments measuring up to 6 mm in diameter 
in the gallbladder. Except for the patient who underwent 
cholecystectomy, all of the patients treated have remained 
free of symptoms. 

In two patients, incomplete stone clearance was apparent 
at the end of the procedure (Table 1). In one of these patients, 
there were a few smail residual filling defects seen within the 
gallbladder on the final cholecystogram, which were felt to 
represent either residual stone fragments or clots. Follow-up 
sonography performed 4 months later revealed a single 4.5- 
mm stone fragment within the gallbladder; the patient remains 
asymptomatic. In the other patient, the gallbladder could not 
be completely cleared because of the degree of contraction 
of the gallbladder and the location of remaining stones in the 
gallbladder fundus. This patient was asymptomatic but under- 
went elective uneventful cholecystectomy. 

in six patients, stone fragmentation and removal was ac- 
complished in one session, which on average lasted approx- 
imately 3 hr. In one patient, two sessions were required on 
successive days to clear the gallbladder completely. In the 
patient with the largest stone burden, four laser fragmentation 
sessions were required on consecutive days to clear the 
gallbladder, with a total treatment time of approximately 12 
hr. This patient (with severe pulmonary disease) had multiple 
gallstones, the largest of which measured 30 mm in diameter. 
A total of 63,600 laser pulses were given during the four 
sessions. This patient's gallbladder was ultimately cleared 


AJR:155, October 1990 


completely. In no patient was the cystic duct occluded at the 
end of the procedure. 

Two complications occurred in this series. In one case, 
access to the gallbladder was lost during initial cholecystos- 
tomy catheter placement after dilatation of the transperitoneal 
tract before the catheter was secured into the gallbladder. In 
this case, puncture and dilatation were repeated, and a cath- 
eter was successfully placed; however bile peritonitis re- 
sulted, which resolved with antibiotics and gallbladder cathe- 
ter drainage. In the other case, bleeding from the gallbladder 
developed during placement of the final pigtail catheter after 
stone removal. This patient remained in the hospital an extra 
day for observation, and the catheter was left in place for 4 
weeks until cholecystography showed no residual filling de- 
fects. No laser-related complications occurred. 


Discussion 


The MDL-1 pulsed-dye laser (Candela) produces energy 
with a wavelength of 504 nm and a pulse duration of 1 usec. 
Nishioka et al. [6] have shown this wavelength to be effective 
for gallstone fragmentation. Although more effective at frag- 
menting pigment stones, cholesterol stones are also reliably 
fragmented. In addition, they found that the brief duration of 
the laser pulse ensured that the total energy delivered, and 
subsequent heat generation and tissue injury, were minimal 
[6]. In our experience, even direct exposure of laser energy 
to the gallbladder wall causes minimal harm, although we 
observed endoscopically that the laser fiber can mechanically 
penetrate the gallbladder wall when advanced directly into it. 
Histologic evaluation of swine gallbladders after laser litho- 
tripsy has been done and showed no evidence of significant 
thermal injury [9]. The safety of the pulsed-dye laser in human 
ureters [7] and biliary ducts [8] has been confirmed. In addi- 
tion, the smallness of the laser fiber (200 um in diameter) and 
the flexibility of the fiber make it well suited for use through a 
variety of endoscopes, both rigid and flexible. We have found 
that copious irrigation is essential during the endoscopic 
procedure. By using a larger sheath with a rigid scope, we 
improved visualization and accelerated stone fragmentation. 
We therefore use a small sheath and flexible endoscope 
transhepatically only when subcostal access to the gallblad- 
der is not possible. The laser was never used under fluoro- 
scopic visualization alone, because the fiber we used is not 
radiopaque and because our animal experiments had shown 
this to be less effective [9]. Patients with contracted gallblad- 
ders were not generally considered candidates for percuta- 
neous galistone lithotripsy, because safe access is difficult 
and there is not adequate room for endoscopic manipulations. 

It was our subjective observation that calcified gallstones 
fragmented more quickly than noncalcified galistones, al- 
though all of the gallstones fragmented readily with the 
pulsed-dye laser. 

Several other lasers have been investigated for gallstone 
lithotripsy, including a continuous-wave yttrium aluminum gar- 
net (YAG) [11, 12], a pulsed YAG [13, 14], a Q-switched YAG 
[14-17], and a pulsed holmium laser [18]. The continuous- 
wave YAG laser is effective only for pigment stones and 
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generates substantial amounts of heat, which is likely to injure 
the bile ducts and gallbladder (Nishioka NS, presented at 
Boston University Laser Course, August 1988). The pulsed 
Nd:YAG laser has been used to fragment common bile duct 
Stones; however, this system uses relatively high-energy 
pulses that can injure tissue [13]. The Q-switched YAG laser 
is effective in fragmenting stones, but the wavelength of light 
is not ideal, and its brief, high-radiance pulses are difficult to 
transmit through quartz fibers [16]. 

Unlike the conventional ultrasonic lithotripter, the pulsed- 
dye laser fiber can be used through small flexible endoscopes, 
which increases its usefulness. The electrohydraulic lithotrip- 
ter can be used through a flexible endoscope; however, 
perforation may occur if the device is energized while in 
contact with the galibladder wal! [19]. 

To date, five of the six patients whose galibladders were 
thought on the basis of endoscopy and cholecystography, to 
be clear of stone material after percutaneous cholecystolith- 
otomy have had subsequent gallbladder sonographic studies. 
Of these five, only two have normal-appearing galibladders. 
One patient appears to have galibiadder sludge. Two patients 
have small residual stone fragments or recurrent stones. This 
finding probably reflects sonography's greater sensitivity than 
either endoscopy or cholecystography for detecting tiny resid- 
ual stone fragments. However, it is possible that these pa- 
tients’ gallbladders were truly clear initially and now have 
recurrent stone formation. Long-term follow-up studies of 
larger numbers of percutaneous cholecystolithotomy patients 
will have to be done to determine the risk of stone recurrence 
for this group of patients. 
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Pulsatile Portal Vein Flow: A Sign of 
Tricuspid Regurgitation on Duplex Doppler 
Sonography 





Sonography and duplex Doppler frequently fail to identify a cause for right upper 
quadrant pain, liver dysfunction, or ascites. The aim of our study was to describe and 
analyze the pulsatile portal venous waveform in which minimum velocity dropped to or 
below zero on duplex Doppler sonography and to investigate its possibie association 
with tricuspid regurgitation, one of the causes of liver dysfunction. We correlated the 
findings in 15 patients in whom this duplex Doppler waveform was seen with the findings 
on Doppler echocardiography (n = 14) or ultrafast CT {n = 1). All patients had biochemical 
liver abnormalities or sudden onset of ascites, rapid weight gain, increased abdominal 
girth, and hepatomegaly. They were referred for sonography to rule out liver metastases, 
biliary disease, portal vein thrombosis, or Budd-Chiari syndrome. All examinations were 
done with a 3-MHz phased-array sector transducer with duplex Doppler capability. 
Seventeen volunteers with no known liver or heart disease served as a control group. 
We correlated maximum and minimum flow velocities on the portal venous Doppler 
waveform with the portal vein diameters of the study and control groups. Thirteen 
patients were later proved to have tricuspid regurgitation, one patient had an aortic- 
right atrial fistula owing to rupture of an aneurysm of the sinus of Valsalva, and one 
patient was proved to be normal. in none of the 17 control subjects was this pulsatile 
portal venous waveform seen. 

Our study shows that detection of a pulsatile portal venous waveform on duplex 
Doppler sonography in patients with liver dysfunction should raise the possibility of 
tricuspid regurgitation. 
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Duplex Doppler scanning has added a new dimension to the diagnostic capabil- 
ities of sonography in the upper abdomen. Numerous applications of this technique 
have been described in recent years for both qualitative and quantitative analyses 
of hepatic hemodynamics. Duplex Doppler examination has proved useful in the 
diagnosis of such entities as portal hypertension, portal vein thrombosis, and Budd- 
Chiari syndrome and in differentiating benign from malignant hepatic tumors [1-5]. 
We recently described the usefulness of duplex Doppler sonography in the diag- 
nosis of venoocclusive disease in patients undergoing bone-marrow transplan- 
tation [6]. 

Sonography and duplex Doppler sonography, however, frequently fail to identify 
a cause for right upper quadrant pain, liver dysfunction, or ascites. The purpose of 
this study was to describe a duplex Doppler sign we call “pulsatile portal vein flow”: 
this was seen in 17 patients who underwent duplex Doppler examinations of the 
liver during the past 2 years. We discuss its apparent association with tricuspid 
regurgitation, a frequent complication of dilated cardiomyopathy that may be 
accompanied by laboratory and physical findings suggestive of primary liver dys- 
function [7, 8]. In this sign, the normal, mildly phasic flow pattern of the portal vein 
is markedly accentuated, with the minimum flow velocity dropping to or below the 
baseline, presumably during systole. Since we were able to find only a brief textbook 
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description of the association of tricuspid regurgitation and 
this portal venous waveform change, we think that a more 
detailed analysis of this finding and its correlation with Doppler 
echocardiography is warranted [9]. 


Subjects and Methods 


Patients were included in the study group if duplex Doppler analysis 
revealed a portal venous waveform in which the minimum velocity 
dropped to or below the baseline. We were abie to identify 17 patients 
in whom this waveform was seen between October 1987 and Sep- 
tember 1989. In each of these patients, the diameter of the portal 
vein was measured and duplex Doppler sonography was used to 
establish the direction of flow as well as the maximum and minimum 
flow velocities. Correlation was available with either Doppler echo- 
cardiography (n = 14) or ultrafast CT of the heart (n = 1). The two 
patients who did not undergo a correlative study were ultimately 
excluded from the study group. 

The results of the correlative examinations were not known to the 
examiner prior to the discovery of the pulsatile portal venous wave- 
form. Three patients had Doppler echocardiography prior to the 
Doppler examination of the liver, but in each case this was only 
discovered after the identification of the pulsatile waveform prompted 
additional chart review. In 12 patients the correlative examination 
was performed within a week of the liver Doppler examination. 

There were six men and nine women 38-77 years oid (mean, 53 
years). Eleven patients had elevated liver enzyme levels, five had 
hepatomegaly, two had right upper quadrant or diffuse abdominal 
pain, five had rapid weight gain, seven had rapid increase in abdominal 
girth, eight had peripheral edema, and four had dyspnea on exertion. 
Clinical diagnoses under consideration were Budd-Chiari syndrome 
(four patients), portal vein thrombosis (two), biliary obstruction (three), 
worsening congestive heart failure (five), liver metastases (five), and 
hepatitis (two). 

The underlying diseases in these patients included idiopathic car- 
diomyopathy (four patients), mitral valve disease (three), aortic valve 
disease (one), coronary artery disease (five), and chronic obstructive 
pulmonary disease with cor pulmonale (two). One patient had primary 
rheumatic disease of the tricuspid valve. 

Seventeen volunteers with no known cardiac, pulmonary, or liver 
diseases served as control subjects. They underwent duplex Doppler 
examination of the portal vein. The diameters of their portal veins 
were measured and their portal venous waveforms were analyzed 
for maximum and minimum flow velocities. The findings in the control 
group were correlated with those of the study group. There were 
nine men and eight women 21-42 years old (mean, 29 years). 

All examinations were performed with the 3.5-MHz phased-array 
sector transducer of a commercially available sonographic scanner 
with duplex Doppler capability (Acuson 128, Mountain View, CA). 
The examinations were done after approximately 8 hr of fasting and 
while patients were holding their breath at mid inspiration. The portal 
vein was best evaluated intercostally in the right anterior oblique 
position. With this approach we were able to examine the vessel with 
a small beam-vessel angle, which is helpful in maximizing the Doppler 
shift and minimizing the velocity measurement error [10]. 


Results 


in our control group, the diameter of the normal portal vein 
ranged from 6.9 to 13.1 mm (mean, 9.3 mm). The normal 
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spectral Doppler waveform was mildly phasic, showing mini- 
mum variation in velocities that reflected pressure changes in 
the right atrium during systole and diastole (Fig. 1). The 
maximum flow velocities in the portal vein varied from 16 to 
31 cm/sec (mean, 22 cm/sec). The minimum flow velocities 
ranged from 5 to 21 cm/sec (mean, 13.6 cm/sec). The differ- 
ence between maximum and minimum flow velocities in the 
normal portal vein ranged from 5 to 15 cm/sec (mean, 8.4 
cm/sec). 

Of the 15 patients in whom pulsatile flow was seen in the 
portal vein, the minimum flow velocity dropped to the baseline 
(Fig. 2) or was reversed (Fig. 3), presumably during ventricular 
systole. Minimum flow velocities ranged from 0 to —24 cm/ 
sec (average, —8 cm/sec). Maximum velocities were within 
normal limits in all but two patients, one of whom had a 
maximum velocity of 13 cm/sec and the other who had 
cavernous transformation of the portal vein with a maximum 
velocity of 11 cm/sec. Maximum velocities ranged from 11 to 
35 cm/sec (average, 22.9 cm/sec). The difference between 
the maximum and minimum flow velocities ranged from 11 to 
50 cm/sec (average, 30.9 cm/sec). Portal vein diameters in 
two patients were decreased at 6 mm and in the other 12 
patients were within normal limits, ranging from 8 to 11 mm. 
The average portal vein diameter in all 14 patients was 8.9 
mm. 

Of the 15 patients with this Doppler sign, 13 were proved 
to have tricuspid regurgitation on either Doppler echocardiog- 
raphy (12) or ultrafast CT (one). One patient was proved by 
contrast ventriculography to have an aortic-right atrial fistula 
due to rupture of an aneurysm of the sinus of Valsalva. In the 
other patient, there was no evidence of tricuspid regurgitation 
on Doppler echocardiography. 


Discussion 


Normal subjects typically demonstrate minimal variation in 
portal vein velocity on spectral Doppler analysis during breath- 
holding [11]. The mildly phasic pattern is most likely a reflec- 
tion of changes in transmitted right atrial pressure, with 
significant dampening by resistance in venules, sinusoids, and 
small portal branches. During the past 2 years we have 
identified a small group of patients with pulsatile portal venous 
flow. In this group, the phasic waveform in the portal vein 
was so accentuated that minimum flow velocity dropped to 
or below the baseline, and the resultant waveform resembled 
that of the hepatic veins. 

Animal studies have documented partial transmission of 
elevated inferior vena caval and hepatic venous pressures to 
the portal vein [12]. We propose that in at least some patients 
with tricuspid regurgitation, the exaggerated right atrial pres- 
sure changes are also reflected in the flow pattern in the 
portal vein, with decreased or reversed flow velocity occurring 
during ventricular systole as a result of the regurgitant blood 
flow from the right ventricle to the right atrium. The dilatation 
of sinusoids and the small branches of the portal and hepatic 
veins, which probably occurs in tricuspid regurgitation, may 
also decrease their dampening effect on portal flow changes. 
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Fig. 1.—Duplex Doppler blood-flow waveform 
of normal portal vein. Flow is mildly phasic but 
constantly above baseline, indicating a direction 
toward transducer and liver (hepatopetal) during 
whole cardiac cycle. Difference between maxi- 
mum and minimum velocities, shown on vertical 
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Fig. 2.—Duplex Doppler examination of portal 
vein in tricuspid regurgitation. Pulsatile flow on 
this portal spectral waveform shows minimum 
flow velocity dropping to zero during part of 
cardiac cycle (presumably ventricular systole) 
from a maximum velocity of 31 cm/sec. 
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Fig. 3.—Duplex Doppler examination of portal 
vein in tricuspid regurgitation. Highly pulsatile 
blood flow in portal vein was caused by retro- 
grade flow (flow below baseline) during part of 
cardiac cycle (presumably ventricular systole). 
Minimum flow velocity in portal vein was —24 


axis of spectral waveform, is only 7 cm/sec. 


It is unlikely that the pulsatile flow in the portal vein seen in 
tricuspid regurgitation is due to cardiac tamponade or hepa- 
tocellular damage resulting from chronic passive liver conges- 
tion. In cardiac tamponade, the inferior vena caval and hepatic 
venous pressures are uniformly elevated during the entire 
cardiac cycle, so one may expect to see decreased or re- 
versed flow in the portal vein and decreased rather than 
increased pulsatility. In the early stages of portal hypertension 
caused by liver cirrhosis, the direction and velocity of portal 
venous flow may remain normal until the late stages of 
disease, when the portal venous flow is either uniformly 
decreased or reversed [9]. 

There were two false-positive diagnoses in our study. The 
first was due to an aortic-right atrial fistula, in which retro- 
grade flow of blood occurs from the high-pressure ascending 
aorta to the low-pressure right atrium and finally to the portal 
vein. The hemodynamic changes and consequent Doppler 
waveform would be expected to be similar to those seen in 
severe tricuspid regurgitation. A similar pattern could be seen 
also in patients with a fistula between the portal and hepatic 
veins. Since both of these conditions are rare, they are unlikely 
to cause frequent errors in diagnosis. We could find no reason 
for the second false-positive case. Doppler waveforms of 
both the portal and hepatic veins were abnormal in this case. 
We used Doppler echocardiography as the gold standard and 


cm/sec; difference between maximum and min- 
imum velocities was 55 cm/sec. 


cannot exclude the possibility that the echocardiographic 
diagnosis was false negative. 

Our study suggests that detection of pulsatile portal venous 
flow on a duplex Doppler waveform should alert the radiolo- 
gist to yet another cause of liver dysfunction, tricuspid regur- 
gitation. This may help the clinician determine the appropriate 
course of treatment in a prompt fashion and may help avoid 
unnecessary invasive tests, such as liver biopsy, to establish 
the correct diagnosis. Our study, however, does not show 
the sensitivity or specificity of this sign in the diagnosis of 
tricuspid regurgitation, and we do not imply that Doppler 
sonography of the portal vein is the primary procedure for 
making this diagnosis. Contrast ventriculography, Doppler 
echocardiography, and duplex Doppler sonography of the 
hepatic vein are considered to be fairly accurate in the diag- 
nosis of this disease [13-15]. A prospective double-blind 
Study of patients with and without tricuspid regurgitation will 
be necessary to establish the sensitivity, specificity, and ac- 
curacy of this finding in the diagnosis of this condition. 
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Sonography Accurately Detects 
Biliary Obstruction in Patients with 
Surgically Created Biliary-Enteric 
Anastomosis 





The use of sonography to determine the patency of surgically created biliary-enteric 
anastomoses has been questioned by authors who favor use of cholescintigraphy and 
percutaneous transhepatic cholangiography for this purpose. We retrospectively re- 
viewed the sonographic findings in 35 patients with such anastomoses: 16 choledocho- 
jejunostomies, 11 choledochoduodenostomies, five intrahepatic cholangiajejunosto- 
mies, and three cholecystoenterostomies. The anastomosis was patent in 25 patients, 
completely obstructed in four, and partially obstructed in six. Five of the 25 patients with 
patent anastomoses had nonanastomotic complications with biliary stasis and cholan- 
gitis. In the 20 patients with patent anastomoses and no complication, sonography 
showed bile ducts ranging from 2 to 9 mm in diameter filled with bile {six}, gas (two), or 
both (12). No patient with a normally functioning anastomosis had evidence of a dilated 
bile-filled duct in the upright position. In four patients with complete obstruction of the 
anastomosis, sonography showed dilated, bile-filled ducts ranging from 6 to 14 mm in 
diameter proximal to the anastomosis. Sonograms in all six patients with partial obstruc- 
tion showed both gas and bile in dilated bile ducts with superficial gas-filled ducts and 
dependent bile-filled ducts creating gas/fluid interfaces, which were persistent in the 
upright position. The 15 patients with anastomotic obstruction or other complication had 
confirmatory percutaneous transhepatic cholangiography (nine patients), scintigraphy 
(five patients), CT (four patients), and surgery (eight patients). 

Our experience suggests that sonography can be used to accurately assess surgically 
created biliary-enteric anastomoses for both anastomotic patency and for other compli- 
cations. 


AJR 155:789-794, October 1990 


Sonography is the technique of choice for initial evaluation of the bile ducts, 
particularly in patients who have jaundice [1]. However, it is reportedly jess useful 
in patients with surgically created biliary-enteric anastomoses [2], because gas in 
the bile ducts may mimic ductal stones and create artifacts that obscure detail. In 
addition, persistent postsurgical duct dilatation may be difficult to differentiate from 
dilatation because of current obstruction. Thus, cholescintigraphy and direct vis- 
ualization of the biliary tree with percutaneous transhepatic cholangiography are 
recommended as the major diagnostic techniques in postoperative patients [3-5]. 
However, one frequently quoted article on sonographic evaluation in these patients 
[4] used now-outdated, static, articulated-arm sonographic equipment with a limited 
ability to assess fine structures such as the bile ducts. 

In our practice, patients with surgically created biliary-enteric anastomoses are 
frequently referred for sonography. Indications include possible recurrence or 
progression of neoplastic disease, jaundice, signs and symptoms of cholangitis, 
and nonbiliary problems. We report our experience in 35 consecutive postoperative 
patients studied with real-time sonography. 
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Materials and Methods 


We reviewed the records of 52 consecutive patients with postop- 
erative biliary-enteric anastomoses referred for sonography. Seven- 
teen patients who lacked adequate documentation of the surgical 
procedure and/or other diagnostic procedures to confirm the sono- 
graphic findings were excluded, leaving a study group of 35 patients 
(22 men and 13 women) ranging in age from 27 to 74 years (mean, 
59 years). 

All sonograms were obtained with real-time sector scanners (Sie- 
mens Sono 1 and Sono 2 with 3.5- and 5-MHz transducers, Erlangen, 
West Germany). Sonograms were obtained with the patient supine 
and in the right anterior oblique and upright positions, with careful 
attention to the intrahepatic bile ducts, common hepatic duct, com- 
mon bile duct, and gallbladder, if the last two structures were present. 
Coronal intercostal scans with the patient supine allowed optimal 
assessment of duct caliber in the patient with biliary duct gas and 
also allowed detection of dependent bile-filled ducts. The presence 
of gas in the bile ducts and the caliber of the ducts were documented. 
Visualization of bile-filled intrahepatic bile ducts and/or a common 
hepatic duct diameter greater than 5 mm were interpreted as evidence 
of ductal dilatation. The presence of gas/fluid interfaces and any 
persistently dilated bile ducts, unchanged with gravity, were specifi- 
cally sought. All sonograms were interpreted immediately with knowl- 
edge of the clinical indication for the scan. Although the interpreters 
were not blinded to the results of other imaging procedures, in only 
one instance was a CT scan obtained before the sonogram. 

The biliary-enteric anastomosis was patent in 25 patients. Twenty 
of the 25 were asymptomatic, with no clinical or laboratory evidence 
of biliary obstruction on follow-up for a minimum of 1 year. Eleven of 
these patients had undergone choledochoduodenostomy, and nine 
had choledochojejunostomy. Other imaging procedures performed 
on this group included CT scans (six patients) and scintigraphy (one 
patient). No evidence of obstruction of the anastomosis was seen 
with any of these procedures. CT scans in two patients revealed 
dilated bile ducts filled with gas. Four CT scans showed normal- 
caliber ducts with a few bubbles of gas. Findings on the singie nuciear 
scintigram were normal. 

Five of the 25 patients with patent biliary enteric anastomoses had 
nonanastomotic complications. Ail were symptomatic, with pain and 
fever suggestive of cholangitis. Three of these patients with chole- 
cystoenterostomies had percutaneous transhepatic cholangiograms 
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that showed a patent anastomosis and a dilated common bile duct, 
one related to a stone and two to a known pancreatic carcinoma. 
Culture of the bile sample taken during cholangiography grew Gram- 
negative organisms in all three cases. One patient with a patent 
choledochojejunostomy also had a Roux-en-Y anastomosis and an 
enteroenteric anastomosis with creation of an afferent loop of je- 
junum. An internal hermia produced complete obstruction of the 
afferent loop with subsequent dilatation and obstruction of the entire 
afferent loop and the biliary ducts. Percutaneous transhepatic cho- 
langiography and surgery confirmed the diagnosis. One further patient 
with a patent hepaticojejunostomy had a blocked right posterior 
hepatic duct from a benign stricture with multiple intrahepatic ductal 
stones. A percutaneous transhepatic cholangiogram was initially 
called normal; the lack of filling of the right posterior ducts was not 
noticed. A nuclear scintigram revealed stasis of the right posterior 
ducts. A sonographically guided percutaneous transhepatic cholan- 
giogram reveaied the intraductal stones and the stricture of the right 
posterior duct. 

Ten patients had completely or partially obstructed anastomoses. 
The surgical procedures in these patients included choledochojeju- 
nostomy or duodenostomy (six patients) and intrahepatic cholangio- 
jejunostomy (four patients). These operations had been performed 
for a variety of benign and malignant diseases. Four patients had 
complete or high-grade biliary obstruction, and six had partial obstruc- 
tion. The causative factors in these 10 patients are as follows: 
abscess (one), common duct stone(s) (two), malignant tumor recur- 
rence (seven: metastatic nodes in the porta hepatis, one; cholangio- 
carcinoma, three; pancreatic head carcinoma, two; and periampullary 
carcinoma, one). Confirmation of diagnosis in these patients was 
based on percutaneous transhepatic cholangiography (six patients), 
scintigraphy (four patients), CT scans (four patients), and surgery 
(seven patients). Ali of the cholangiograms and CT scans confirmed 
biliary obstruction. Three of four scintigrams confirmed biliary stasis 
and one was false-negative. 

Clinical follow-up was obtained from the patients’ clinical and 
radiologic records for at least 12 months after the sonographic study. 


Results 


The results of the sonograms on all patients are summa- 
rized in Table 1. 


TABLE 1: Summary of the Sonographic Findings in the 35 Study Patients 





No. of 
Patients 


aremania aaar e eaen anaana: 


Diagnosis 


Patent Anastomosis 


1. No complication 20 


2. With complication 
Patent cholecystoenterostomy: 
stasis distal CBD 


Patent hepaticojejunostomy: 
segmental obstruction 
Patent choledochojejunostomy: 
blocked afferent loop of Roux- 
en-Y 
Complete Obstruction of Anastomosis 


Partial Obstruction of Anastomosis 


Sonographic Findings 
(No. of Patients) 


mannen AAAA nan aa A a AA ei e A E 


Normal caliber, bile-filled ducts (6); ducts 
with bile and gas bubbles (12); abun- 
dant gas, unmeasurable ducts (2) 


Abundant gas in intrahepatic ducts (3); di- 
lated, bile-filled common duct (3); no 
drainage upright (3) 

Dilated right posterior ducts with stones 
and stricture (1) 

Dilated bile-filled ducts, patent anastomo- 
sis, dilated afferent loop (1) 


Dilated, bile-filled ducts (4); site and cause 
identified (4) 

Dilated ducts, bile and gas, bile/gas inter- 
face (6); no drainage upright (6); site 
localized (6); cause identified (3) 


Fe cee SETAE 
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Patent Anastomosis 


Sonographic findings in 20 of the 35 patients suggested a 
patent biliary-enteric anastomosis with no evidence of com- 
plication. These patients had no relevant symptoms and no 
Clinical or laboratory evidence of obstruction of their anasto- 
moses. None had evidence of obstruction on other imaging 
Studies or on clinical follow-up for at least 1 year. 

In six of the 20 patients, sonography revealed no evidence 
of gas in the bile ducts, which were of normal caliber (Fig. 1), 
with the common hepatic duct measuring 4 mm or less in 
diameter. Without a history of biliary surgery, the findings on 
these sonograms would not indicate the presence of prior 
surgery. 

The other 14 patients without evidence of malfunction of 
the anastomoses had various quantities of gas reflux into the 
bile ducts. When there were only a few bubbles of gas (12 
patients), the caliber of the bile ducts could still be readily 
assessed (common hepatic duct, 2-9 mm). No patient with a 
normally functioning anastomosis had a dilated, bile-filled 
common bile duct visible in the upright position, presumably 
related to either caliber change with drainage or gas entering 
the duct with alteration in patient position. When considerable 
gas was present, filling all visible ducts (two patients), the 
caliber of the ducts could not be measured because of the 
artifact created by the gas. CT in these two patients confirmed 
that the ducts were large and gas-filled. 

Five patients with patent anastomoses had nonanastomotic 
complications with sonographic abnormalities. Three patients 
with a patent cholecystoenterostomy, who had signs and 
symptoms of ascending cholangitis, showed abundant gas 
within unmeasurable intrahepatic bile ducts suggesting that 
the cholecystoenterostomy was functioning. However, all 





A B 


Fig. 1.—Patent biliary-enteric anastomosis in a 47-year-old woman with prior choledochoduoden- 
ostomy. Findings were confirmed by sonography at 6 and 12 months and clinical follow-up for more 


than 1 year. 


A, Sagittal sonogram of porta hepatis shows normal caliber (3 mm) bile-filled duct. 
B, Subcostal oblique sonogram of porta hepatis does not show normal small intrahepatic bile ducts. 


BD = bile duct; PV = portal vein. 
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three patients had a dilated (9-18 mm) bile-filled common bile 
duct that did not drain in the upright position that accounted 
for the biliary stasis. In two of these patients, a mass could 
be seen in the pancreas, and in the third patient, a stone was 
seen impacted in the distal common bile duct (Fig. 2). One 
patient with a choledochojejunostomy, a Roux-en-Y anasto- 
mosis, and an enteroenteric anastomosis showed dilated bile- 
filled ducts (common hepatic duct, 1.1 cm), a patent biliary- 
enteric anastomosis, and a fluid-filled gasless dilated afferent 
loop, found at surgery to be obstructed by an internal hernia 
(Fig. 3). Another patient with a patent hepaticojejunostomy 
showed normal right anterior and left lobe ducts, suggesting 
anastomotic patency. A dilated bile-filled right posterior duct 
(11 mm) containing multiple stones and a stricture of the duct 
Close to the porta hepatis were confirmed by sonographically 
guided percutaneous transhepatic cholangiography and nu- 
clear scintigraphy. 


Complete Anastomotic Obstruction 


In four patients, complete obstruction of the biliary-enteric 
anastomosis was diagnosed by sonography; dilated (6-14 
mm), bile-filled ducts were seen proximal to the anastomoses 
(Fig. 4), with the patients supine and upright in all cases. The 
anastomotic site and the cause were identified in all four: 
metastatic nodes at the porta hepatis; recurrent cholangio- 
carcinoma in the porta hepatis; and, in two cases, regrowth 
of pancreatic carcinoma (Fig. 4). 


Partial Anastomotic Obstruction 


Six patients had partial obstruction of the biliary-enteric 
anastomosis. Sonograms showed dilatation of the bile ducts 





Fig. 2.—Sonogram of upright 62-year-old 
man with a patent cholecystoenterostomy who 
had signs and symptoms of cholangitis shows 
a dilated, 1.1-cm, bile-filled common bile duct 
with an obstructing stone (arrowheads). Per- 
cutaneous transhepatic cholangiogram con- 
firmed patent anastomosis, stone, dilated duct, 
and infected bile. 
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Fig. 3.—Patent biliary-enteric anastomosis in a 26-year-old man with previous Roux-en-Y anastomosis who had abdominal pain, fever, and abnormal 
liver function. Complete obstruction of an enteroenteric anastomosis with secondary dilatation of afferent loop and biliary ducts was confirmed by 
percutaneous transhepatic cholangiography and surgery. 

A, Sagittal sonogram shows a dilated, 1.1-cm, bile-filled bile duct (BD), a patent biliary-enteric anastomosis, and a dilated afferent loop (AL). 


B, Transverse sonogram shows dilated, fluid-filled afferent loop (AL). 


C, Percutaneous transhepatic cholangiogram confirms dilated bile ducts, patent biliary-enteric anastomosis, and dilated afferent loop. 





proximal to the anastomosis with both gas and bile visible in 
the ducts; a dependent bile-filled, dilated portion of the biliary 
system; and a “gas/fluid” level persistent in the upright posi- 
tion. Sonograms of upright patients in all cases showed a 
dilated, bile-filled portion of the biliary system (Fig. 5). In the 
four patients with choledochojejunostomy, this was the com- 
mon bile duct (1.3 cm and 1.6 cm); in the two patients with 
hepaticojejunostomy, it was the right and/or left hepatic duct 
(approximately 6 mm). The site of obstruction was determined 
in all six patients, and its cause was correctly identified in 
three: two had recurrent porta hepatis cholangiocarcinoma 
partially obstructing the hepaticojejunostomy, and the third 
had an abscess partially obstructing a choledochojejunos- 
tomy 1 month after a Whipple procedure. Of the remaining 
three patients, two had distal common duct stones and one 
had recurrent periampullary carcinoma; however, visibility of 


Fig. 4.—Obstructed choledochojejunostomy 
in a 54-year-old man with jaundice 4 months after 
a Whipple procedure for pancreatic cancer. Ob- 
struction was confirmed by percutaneous trans- 
hepatic cholangiography during biliary stent in- 
sertion. 

A, Subcostal oblique sonogram shows dilated 
bile-filled intrahepatic bile ducts. 

B, Sagittal sonogram of porta hepatis shows 
a dilated (1.2 cm) common bile duct and a recur- 
rent pancreatic mass (arrows) obstructing bili- 
ary-enteric anastomosis. 


the distal bile duct was too poor to allow accurate assessment 
of the cause of obstruction on sonography. 


Discussion 


Difficulties related to sonographic assessment of the patient 
with prior biliary-enteric anastomosis are ascribed to air in the 
biliary ducts obscuring detail and producing nondiagnostic 
scans, and the occurrence of postsurgical dilatation without 
obstruction. 

Air in the bile ducts produces appearances ranging from 
small bright, mobile, nondependent, echogenic densities to 
larger linear echogenicities, either producing acoustic shad- 
ows or typical ring-down artifacts (Fig. 6). If a few small 
bubbles of gas were present in the ducts, assessment of duct 
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Fig. 5.—Partially obstructed biliary-enteric anastomosis in a 55-year-old man with prior choledochoduodenostomy. CT and surgery confirmed partial 


obstruction from recurrent periampullary carcinoma. 


A, Transverse sonogram shows abundant gas in intrahepatic bile ducts (arrowheads), which are unmeasurable. 
B, Sagittal sonogram shows a bile-filled, dilated (1.3 cm) common bile duct (BD) and a gas/fluid interface (arrowhead) in bile duct. 
C, Sagittal sonogram of upright patient shows a persistent dilated bile-filled common bile duct (BD). Cause of obstruction was not determined with 


sonography. 


Fig. 6.—Subcostal oblique sonogram of a 68- 
year-old man with prior Whipple procedure 
shows intraductal linear echogenic density with 
typical ring-down artifact (arrowheads) charac- 
teristic of gas. CT confirmed normal-caliber 
ducts with bile and some gas. 


Fig. 7.—Sagittal right anterior oblique sono- 
gram of porta hepatis in a 61-year-old woman 
with prior choledochojejunostomy shows a non- 
dependent bubble of gas (arrowheads) in com- 
mon duct producing a faint shadow. Duct caliber 
(4mm) can still be measured. CT scan confirmed 
normal-caliber ducts with bile and gas bubbles. 


6 


caliber was accurate (Fig. 7) when correlated with percuta- 
neous transhepatic cholangiography or CT findings. When 
large quantities of air were present in the ducts, the posterior 
wall of the bile duct was obscured by an artifact and caliber 
assessment was unreliable (Fig. 3A). However, none of our 
patients with complete obstruction had large quantities of air. 
In fact, none of these patients had any air at all. In patients 
with partial obstruction, who did have large quantities of air, 
we also noted a dependent, bile-filled, dilated portion of the 
biliary system, particularly the common bile duct in the pres- 
ence of choledochoenterostomy. The combination of an “air/ 
fluid” interface and lack of drainage of the bile duct in the 
upright position allowed us to suggest partial obstruction of 
the anastomosis, although assessment of intrahepatic bile 
duct caliber was not always accurate. The upright scan was 
most helpful because patients with a wide-open biliary-enteric 
anastomosis showed free flow of bile and reflux of air, with 
no stasis when upright, the freely refluxed gas filling all 








portions of the biliary system. Conversely, the patients with 
partial obstruction appeared to have reflux of gas at the 
anastomosis but decreased drainage of bile with gravity, 
producing air/fluid levels that were persistent with positional 
change. Consequently, we feel that the artifact created by 
refluxed gas is not usually problematic. Visualization of gas 
in the ducts is taken as evidence of at least partial patency of 
the anastomosis, with large quantities of gas filling all visible 
ducts interpreted as proof of patency. 

Gas also may mimic biliary calculi, both producing intraduc- 
tal echogenicities with shadowing. Although stones are usu- 
ally quite round, less mobile, dependent, and produce sharper 
acoustic shadows, distinction may be difficult. We success- 
fully identified intrahepatic ductal stones in the one patient in 
our study group in whom they occurred. 

As in patients who do not have surgically created biliary- 
enteric anastomoses, dilatation of the bile ducts does not 
equal obstruction. Our experience with sonograms of upright 


794 WILSON AND TOI 


patients suggests that sonography allows assessment of the 
drainage of the bile ducts with gravity in postanastomotic 
patients, the surgically created anastomosis lacking a normal 
valvular mechanism. 

Postsurgical persistent dilation of the bile ducts was en- 
countered in our study, but it also did not pose a significant 
problem. All patients with dilated, bile-filled, gasless ducts 
had complete obstruction; none had persistent postsurgical 
dilatation. One patient did have mildly dilated bile-filled ducts 
in the right posterior lobe and air in unmeasurable ducts 
anteriorly. However, changing the patient’s position to upright 
allowed air to fill the posterior ducts, and no obvious persistent 
bile column was seen in the upright position. Two patients 
who had postsurgical dilatation with no obstruction had re- 
fluxed gas in such abundance that the dilatation was not 
detected on sonography. Review of CT scans, performed as 
part of a protocol for tumor follow-up, showed the dilatation 
and confirmed the presence of air. No obstruction was sug- 
gested by either the sonogram or CT scan. The three patients 
with cholecystoenterostomy with cholangitis and three of the 
six patients with partial obstruction had unmeasurable air- 
filled intrahepatic ducts. However, identification of the dilated, 
bile-filled, common bile duct still allowed the correct diagnosis 
in each case. 

Complications of biliary-enteric anastomoses include not 
only anastomotic obstruction, but also other problems as 
exemplified by our five patients with patent anastomoses and 
cholangitis. All of these additional complications were accu- 
rately assessed by sonography. Cholecystoenterostomy is a 
unique surgical procedure in that the anastomosis may de- 
compress the biliary ducts but does not relieve the obstruc- 
tion. Consequently, stasis of bile may occur in the distal 
common bile duct with resultant bacterial overgrowth and 
cholangitis. This was predicted at sonography on the basis 
of the bile-filled dilated common bile duct seen in all cases. 
Segmental stricture and intrahepatic ductal stones also were 
accurately detected in our single patient who developed this 
in conjuncton with a patent anastomosis. Obstruction of an 
afferent loop of a Roux-en-Y anastomosis with secondary 
dilatation of the biliary ducts also was readily seen in one 
patient who had low-grade fever and crampy abdominal pain. 

Our sonographic findings generally complemented and 
agreed with those of percutaneous transhepatic cholangiog- 
raphy and nuclear scintigraphy. However, in one patient who 
had an iatrogenic bile-duct injury corrected with a high hepa- 
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ticojejunostomy, findings on a percutaneous transhepatic 
cholangiogram, obtained when the patient had cholangitis, 
were believed to be normal. Sonography showed normal right 
anterior and left bile ducts containing no air and a dilated, 
bile-filled right posterior duct with mobile stones and a seg- 
mental stricture. The nuclear scintigram confirmed stasis in 
the right posterior lobe. A sonographically guided percuta- 
neous transhepatic cholangiogram of the right posterior duct 
confirmed the sonographic findings. One patient who had a 
blocked hepaticojejunostomy and a small liver had a false- 
negative scintigram. 

In summary, we examined 10 patients who had complete 
or partial obstruction of a biliary-enteric anastomosis and 25 
patients with patent anastomoses, five of whom had 
nonanastomotic complications. Patients who were shown to 
have significant biliary stasis by other tests also showed 
abnormality on sonography. In the 10 patients with anasto- 
motic obstruction, sonography correctly predicted the site of 
obstruction in all 10 and the cause in seven. The explanation 
for biliary stasis in three patients with patent cholecystoen- 
terostomies and two other nonanastomotic complications 
also was correctly diagnosed on sonography. Thus, we think 
that sonography allows accurate assessment of patients with 
surgically created biliary-enteric anastomoses. We credit our 
optimal results to the use of state-of-the-art real-time equip- 
ment and to our meticulous scanning technique that included 
upright views. 
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Gastrointestinal Lymphoma: 
Sonographic Findings in 54 Patients 





Between 1980 and 1990, 580 patients with known malignant lymphoma were referred 
for sonography for evaluation of abdominal masses as a part of the initial staging of the 
disease. In 54 patients, sonography showed different degrees of hypoechoic bowel wall 
thickening; gastrointestinal lymphoma was confirmed by histologic examination in all of 
these patients (non-Hodgkin lymphoma in 50, Hodgkin disease in four). Nineteen of the 
54 patients had primary gastrointestinal lymphoma; the other 35 had widespread tumor 
with secondary gastrointestinal involvement. The portions of gastrointestinal tract in- 
volved included the stomach (38), small intestine (five), colon (seven), and multiple sites 
(four). Several sonographic patterns were found: 39 patients had circumferential involve- 
ment of the bowel wall, four had bulky tumors, and two had nodular extraluminal spread. 
Eight patients had segmental infiltration, and one had mucosal involvement. 

The results of this study indicate that sonography is of value for examining patients 
with gastrointestinal lymphoma and that several patterns of involvement can be 
detected. 


AJR 155:795-798, October 1990 


Sonography is increasingly recognized as the best initial diagnostic procedure 
for evaluating abdominal masses. In patients with lymphoma, a high sensitivity of 
abdominal sonography for detection of lymph node enlargement has been reported 
[1]. Furthermore, sonography has been found useful for detecting hepatic [2], 
splenic [3], and renal [4] involvement by malignant lymphoma. Radiologic features 
of lymphoma of the gastrointestinal tract have been well described in the literature 
[5, 6]; however, reports of the sonographic appearance are scant [7]. We report a 
Study of the sonographic features of bowel infiltration in patients with malignant 
lymphoma in an attempt to identify characteristic sonographic patterns. 


Materials and methods 


Between 1980 and 1990, 580 consecutive patients with histologically proved malignant 
lymphoma were examined with sonography as part of the initial staging of the disease. We 
retrospectively reviewed sonograms of 54 patients that showed abnormalities of the bowel 
wall proved to be caused by lymphoma. Thirty-five patients were men and 19 were women 
(age range, 9-83 years). Non-Hodgkin lymphoma (n = 50) was staged according to the Kiel 
Classification system [8]. 

Hodgkin disease was diagnosed in four patients. High- and low-grade malignant non- 
Hodgkin lymphoma was present in 28 and 22 cases, respectively. Primary gastrointestinal 
non-Hodgkin lymphoma was found in 19 cases; the diagnosis was confirmed by endoscopic 
biopsy in 14 cases and surgery in five cases. Secondary non-Hodgkin lymphoma was seen 
in 35 patients, confirmed by endoscopic biopsy in 30 patients and sonographically guided 
fine-needle biopsy in five patients. Hepatic metastases were shown by sonography in four 
patients. Two patients had splenic involvement, and one had renal involvement. 

Sonographic studies were performed with real-time scanners with 3.5- and 5-MHz linear- 
and curved-array transducers (LSC 7000, Picker International, Highland Heights, OH; Sonoline 
8000, Siemens Medical Systems, Iselin, NJ). 


Results 


Sonograms in all 54 patients revealed various abnormalities 
of the gastrointestinal tract (Fig. 1). Normal gastrointestinal 
wall (Fig. 2), nontransmural involvement (Fig. 3), and trans- 
mural involvement (Figs. 4-12) could be distinguished. Thirty- 
eight patients had lymphoma involving the stomach (Figs. 4, 
5, 9, and 12), five had small-bowel disease (Figs. 6 and 7), 
and seven had colonic infiltration (Figs. 8, 10, 11, and 13). 
Four patients had involvement of multiple gastrointestinal 
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Fig. 1.—Schematic illustration of sonographic features of gastrointes- 
tinal involvement in malignant lymphoma. 








sites. Thirty-nine (72%) of 54 patients had sonographic find- 
ings consisting in a space-occupying mass with bright central 
echoes and uniformly hypoechoic wall thickening of various 
extents. This target pattern characterized the circumferential 
involvement of the bowel wall (Fig. 1). Sonography of the 
stomach revealed segmental thickening of the wall in eight of 
38 cases (Fig. 4). In the 53 patients with transmural intestinal 
involvement, individual layers of the intestine could not be 
identified on sonography. In one patient with lymphoma con- 
fined to the mucosa [9], sonography showed only mucosal 
thickening (Fig. 3). 

The thickness of the involved bowel wall as measured on 
the sonograms ranged from 5 to 40 mm. In 21 patients, the 
wall thickness was less than 15 mm; in 24 patients, it was 
between 15 and 40 mm; in five patients, the wall thickness 
was greater than 40 mm. In four patients, a target pattern 
could not be identified. The sonographic findings in these 
cases included a transmural bulky disease (Fig. 1) with areas 
of increased and decreased echogenicity. In one of these 
patients with sigmoid colon involvement, sonography sug- 
gested retroperitoneal abscess (Fig. 13). 

In five patients with lymphoma involving long bowel seg- 
ments, sonographic findings resembled inflammatory bowel 
disease (Figs. 6 and 10). A tubular hypoechoic mass with 
bright central echogenicity suggestive of carcinoma of the 
colon was found in four patients (Fig. 11). 

Two patients had transmural-nodular involvement of the 
stomach (Fig. 1) with predominantly extraluminal tumor 





Fig. 2.—Sonogram shows normal appearance 
of fluid-filled gastric antrum with concentric wall 
layers (arrowheads). Lu = lumen; Gw = gastric 
wall; 1 = mucosal surface; 2 = mucosa; 3 = 
submucosa; 4 = muscularis; 5 = serosa. 





Fig. 3.—Histologically confirmed lymphoma of 
stomach confined to mucosa. Longitudinal son- 
ogram through antrum (arrowheads) shows iso- 
lated thickening of mucosa (1) with individual 
layers of gastric wall (2 = submucosa, 3 = 
muscularis). 


Fig. 4.—Transverse sonogram of a 73-year- 
old man with primary gastric non-Hodgkin lym- 
phoma of low-grade malignancy shows histolog- 
ically confirmed transmural segmental lym- 
phoma involvement (TU). Gw = normal gastric 
wall. 


Fig. 5.—70-year-old man with generalized 
non-Hodgkin lymphoma and secondary gastric 
involvement. 

A, Sonogram through body of stomach shows 
transmural-circumferential lymphoma_involve- 
ment with giant folds presenting a starlike con- 
figuration. L = liver. 

B, Longitudinal sonogram shows circumfer- 
ential wall infiltration of stomach. 
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Fig. 6.—57-year-old man with non-Hodgkin 
lymphoma of low-grade malignancy and histo- 
logically proved lymphoma involvement of small 
bowel. 

A, Transverse sonogram shows two bowel 
loops with typical “target” lesions due to trans- 
mural circumferential infiltration. 

B, Longitudinal sonogram of small-bowel loop 
shows its tubular appearance. 


Fig. 7.—69-year-old woman with extensive 
gastrointestinal non-Hodgkin lymphoma of low- 
grade malignancy. 

A, Sonogram shows “target” lesion due to 
transmural circumferential tumor infiltration (TU) 
of a small-bowel segment confirmed at surgery. 

B, Longitudinal scan along left psoas muscle 
shows multiple enlarged hypoechoic mesenteric 
lymph nodes (M). 


Fig. 8.—83-year-old man with generalized 
non-Hodgkin lymphoma of low-grade malig- 
nancy. Sonogram shows “target” lesion of trans- 
verse colon. Pathologic examination showed 
transmural circumferential infiltration by non- 
Hodgkin lymphoma. 


Fig. 9.—Sonogram of a 75-year-old man with 
non-Hodgkin lymphoma of high-grade malig- 
nancy shows circumferential wall thickening of 
stomach (S) and enlarged lymph nodes (M). L = 
liver; TR = celiac axis; AMS = superior mesen- 
teric artery. 


Fig. 10.—36-year-old woman with high-grade 
malignant non-Hodgkin lymphoma. 

A, Longitudinal sonogram of descending co- 
lon shows transmural wall thickening (arrow- 
heads) of a long segment. 

B, Transverse sonogram of left upper abdo- 
men shows cross-sectional colon with transmu- 
ral circumferential involvement (arrowheads) 
and bowel gas. S = spleen. 
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Fig. 11.—65-year-old man with high-grade 
malignant non-Hodgkin lymphoma. Longitudinal 
sonogram shows a strong echogenic center cre- 
ated by luminal contents surrounded by a sono- 
lucent rim corresponding to transmural circum- 
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Fig. 12.—Longitudinal sonogram of a 75-year- 
old man with primary gastric non-Hodgkin lym- 
phoma of high-grade malignancy shows pre- 
dominantly transmural-nodular tumor spread (L). 
GW = gastric wall; LU = lumen. 
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Fig. 13.—Primary high-grade malignant non- 
Hodgkin lymphoma of sigmoid colon with trans- 
mural involvement and bulky disease. Midline 
sonogram of lower abdomen shows a well-de- 
fined hypoechoic mass lesion (TU, arrows) with 


ferential thickened wall of a large-bowel seg- 
ment (TU) (“pseudokidney” sign). 


spread (Fig. 12). Giant gastric folds with a central starlike 
configuration of echogenicity were visible on sonograms in 
two other patients (Fig. 5). 


Discussion 


Sonographic findings indicative of gastrointestinal disease 
are well known [10-13]. Several terms such as “target,” 
“halo,” “pseudokidney,” and “cockade” have been used to 
describe the transmural aspect of bowel wall infiltration [14- 
17). 

Although the target lesion was first described in cases of 
malignant gastrointestinal tumors [18], the finding occurs in 
a variety of benign intestinal diseases including Crohn dis- 
ease, colitis, diverticulitis, gastritis, ischemia, tuberculosis, 
pyloric stenosis, lymphangiectasia, ileocolic intussusception, 
radiation enteritis, intramural hematoma, Menetrier disease, 
and appendicitis [12-21]. 

A classic target pattern indicating advanced circumferential 
intestinal infiltration with tumor was observed in 39 of 54 
patients with gastrointestinal lymphoma [11, 12]. Other find- 
ings include a nodular or bulky tumor spread caused by 
extraluminal involvement [1]. Sonograms in eight patients with 
gastric lymphoma showed segmental thickening of the stom- 
ach due to localized tumor. 

Only one patient had isolated mucosal involvement. Sonog- 
raphy in this case showed the thickened mucosa (Fig. 3). 
Histologically, this tumor was a noninvasive lymphoma [9]. In 
such cases, endoscopic sonography may be a more sensitive 
and accurate technique for detection and visualization of 
intramural tumor infiltration of the stomach [22]. 

In summary, sonographic abnormalities in patients with 
gastrointestinal lymphoma include a target pattern caused by 
the more common circumferential tumor involvement. Less 
often, other forms of transmural tumor involvement, including 
segmental, nodular, and bulky tumor spread, can be identified. 
Rarely, isolated mucosal involvement may occur. 


echogenic gas collections behind urinary blad- 
der (B) mimicking abscess formation of pouch 
of Douglas. 
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CT Manifestations of Peritoneal 
Leiomyosarcomatosis 





Peritoneal leiomyosarcomatosis causes multiple discrete tumor nodules in the peri- 
toneum, mesentery, and omentum with or without evidence of a primary site. The CT 
and pathologic findings in seven patients with this disease were reviewed. All seven 
patients had CT evidence of multiple, discrete peritoneal masses, and five patients 
showed a central low-attenuation area. CT grade of malignancy in peritoneal tumors 
was Categorized as low (four patients) and high (three patients) on the basis of the 
degree of centrai necrosis of the tumors. The CT results correlated with the histopath- 
ologic grade of malignancy, although all tumors were grade 2 or higher histopathologi- 
cally. Ascites and lymphadenopathy were not present in any of the patients. Liver 
metastases were identified in five patients with central necrosis of the metastases 
evident in four. The presence of liver metastases and the degree of central necrosis in 
the liver metastases did not correlate with the size or histologic grade of the primary 
tumor. 

Although uncommon, peritoneal leiomyosarcomatosis should be considered when CT 
shows multiple, discrete peritoneal masses with central necrosis and liver metastases 
in the absence of ascites and lymphadenopathy. 


AJR 155:799-801, October 1990 


Diffuse peritoneal and omental seeding are well-known forms of dissemination 
of metastatic carcinoma [1, 2]. A wide variety of primary neoplasms may cause 
peritoneal carcinomatosis, most commonly carcinomas of the Ovary and gastroin- 
testinal tract [3-5]. Extensive involvement of the peritoneal cavity with lelo- 
myosarcoma, however, is rare. 

We describe the CT findings in seven patients who had leiomyosarcoma with 
diffuse peritoneal involvement originating from the mesentery, uterus, or stomach. 
We also compare CT findings with the histopathology of the tumors, with emphasis 
on the grade of malignancy. 


Subjects and Methods 


The CT and pathologic findings were reviewed in seven patients with peritoneal leiornyo- 
Sarcomatosis. The diagnosis was confirmed pathologically by surgical resection in all seven 
patients. Three patients were men and four were women, ranging in age from 25 to 56 years 
(mean, 44 years). Four patients had no history of an abdominal tumor, and at surgery, these 
tumors were thought to originate from the mesentery. Three patients had had Surgery for 
leiomyosarcoma of the uterus (two patients) or the stomach (one patient). 

CT was performed with a 9800 or 8800 scanner (General Electric Medical Systems, 
Milwaukee, Wi) or equivalent third-generation scanners. Scans were generally 1-cm-thick 
contiguous axial sections. Contrast material was given orally and IV to ali patients. In every 
case, contrast material was given by bolus injection of 120 mi of ioxithalamate meglumine 
(Telebrix 30; Guerbet, Aulnay-sous-Bois, France). The CT findings were analyzed for size 
and margin of the peritoneal tumors; grade of malignancy (the tumors were categorized into 
one of two grades according to the degree of internal necrosis: low grade included tumors 
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with no or mild internal necrosis; high grade included tumors with 
marked internal necrosis); and presence of ascites, lymphadenopathy, 
and metastatic lesions. 

Histopathologically, all cases were leiomyosarcomas. Pathologic 
specimens were evaluated with particular emphasis on gross ap- 
pearance and histopathologic grade. To grade tumors, we used 
degree of differentiation, extent of necrosis, and number of mitotic 
figures. The tumor grading system of the French Federaton of Cancer 
Centers was adopted for the histologic analysis [6]. 

The CT findings for each patient were correlated with the patho- 
logic findings. 


Results 


All seven patients had multiple, discrete omental and mes- 
enteric tumors with smooth outer margins. The largest di- 
ameter of the tumors varied from 4 to 20 cm (Fig. 1). Tumors 
in five (71%) of seven patients had central low-attenuation 
areas, indicating necrosis. 

Malignancy of the tumors was categorized by CT as low 
grade in four patients (Fig. 2A) and high grade in three (Fig. 
2B). CT numbers of the necrotic areas ranged from +25 to 
+51 H. Histopathologically, all cases were leiomyosarcoma 
of grade 2 or higher; four were grade 2, and three were grade 
3. None were grade 1, although some smaller nodules in two 





Fig. 1.—CT scan of patient with large peritoneal leiomyosarcomatosis 
shows well-defined, large masses containing extensive, irregular area of 
low attenuation, indicating central necrosis of tumors. Small bowel (arrows) 
is displaced posteriorly by masses, indicating that masses arise from 
peritoneal cavity. Ascites is not seen. 
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cases had low scores approaching grade 1. Four cases were 
classified as low-grade malignancy by CT; three of these 
cases were categorized histopathologically as grade 2 malig- 
nancy and one as grade 3 malignancy. Three cases were 
classified as high-grade malignancy by CT; one of these cases 
was categorized histopathologically as grade 2 and two as 
grade 3. 

Ascites or lymphadenopathy was not seen on CT scans in 
any of the seven patients. Liver metastases were identified 
by CT in five patients. These did not correlate with the CT 
grade of malignancy of the primary peritoneal tumor; they 
were present in four patients with low-grade malignancy and 
one patient with high-grade malignancy. Four of five patients 
showed central necrosis in the liver metastases on CT. The 
presence of central necrosis in the metastases was not 
correlated with the size or the histologic grade of the primary 
tumors (Figs. 3A and 3B). 


Discussion 


Leiomyosarcoma is a rare malignant neoplasm of smooth 
muscle that arises in the alimentary tract, retroperitoneum, 
genitourinary tract, or soft tissues [7]. It is uncommon for the 
tumor to present with diffuse peritoneal or omental masses. 
Most large clinical reviews of leiomyosarcoma mention peri- 
toneal involvement [8-12]; however, CT findings of peritoneal 
leiomyosarcomatosis have not been well described [13-15]. 
Recently, McLeod et al. [16] reported CT findings of 118 
patients with leiomyosarcoma. In their series, 14 patients 
showed omental and mesenteric metastasis; however, no 
systematic analysis of peritoneal seeding was described. 

Intraperitoneal spread of leiomyosarcoma may occur when 
the tumor grows toward the subserosa from its usual site of 
origin in the muscle layer. The tumors may undergo central 
excavation and perforate into the peritoneal cavity. Spread of 
leiomyosarcoma within the abdomen also may occur by em- 
bolic metastases [15, 16]. 

In our series, the CT findings of peritoneal leiomyosarcomas 
were characteristic and correlated well with the gross patho- 
logic findings. The masses were multiple and well defined. 
The lesion resembles the leiomyomatosis peritonealis dissem- 
inata that generally is understood to be a benign condition in 
which typical uterine leiomyomas are associated with multiple 
small nodules of mature smooth muscle distributed through- 
out the omentum and the visceral and parietal peritoneum 


Fig. 2.—CT and histologic grade of 
peritoneal leiomyosarcomas in two dif- 
ferent patients. 

A, Low grade of malignancy. CT 
scan shows well-defined, multiple 
masses without central low-attenuation 
area in peritoneal cavity. Histopatho- 
logically, these tumors were grade 2 
malignancy. 

B, High grade of malignancy. CT 
scan shows well-defined, discrete, 
soft-tissue masses with marked central 
low-attenuation area in omentum. His- 
topathologically, these tumors were 
grade 3 malignancy. 
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Fig. 3.—Liver metastasis from leio- 
myosarcoma in two different patients. 

A, CT scan shows multiple, discrete 
omental and mesenteric tumors with 
low-grade malignancy. Histopathologi- 
cally, these tumors were grade 2 malig- 
nancy. However, liver contains well-de- 
fined, large metastatic mass without 
central necrosis. Mutliple cysts are 
seen in both kidneys. 

B, CT scan shows multiple, small, 
discrete omental and mesenteric 
masses (arrows) with no evidence of 
necrosis. Liver contains multiple me- 
tastases with central necrosis. 


A 


[17, 18]. In fact, the gross pathologic findings of two patients 
who had low-grade malignancy by CT were identical to those 
described for leiomyomatosis peritonealis disseminatus. No 
uterine leiomyoma was present in these cases and histologi- 
cally the tumor was a leiomyosarcoma. This suggests that 
some cases of leiomyomatosis peritonealis disseminatus are 
actually malignant lesions rather than benign leiomyomatosis. 

Hemorrhage, necrosis, and cystic changes commonly de- 
velop in leiomyosarcomas [8, 14, 16]. The areas of central 
necrosis or liquefaction within the neoplasm are identified as 
low-attenuation areas on CT. In our series, CT grade of 
malignancy, based on the degree of central necrosis, tended 
to correlate with the histopathologic grade of malignancy, 
although all tumors were histopathologic grade 2 or more. 

No patient in our series was found by CT to have ascites, 
which is commonly present in peritoneal carcinomatosis [2, 
3]. Lymphadenopathy is uncommon in leiomyosarcoma 15; 
16] and was not seen in our series. Liver metastasis is a 
common finding in leiomyosarcomas [13-16], and often these 
show central necrosis. As the metastases increase in size, 
they often undergo degeneration and necrosis [19]. However, 
in our series, presence of liver metastases or degree of central 
necrosis in metastatic liver tumors did not correlate with the 
size or the grade of malignancy of the primary peritoneal 
tumor. 

In summary, peritoneal metastases occur from a wide 
variety of primary neoplasms. However, when CT shows 
multiple, discrete peritoneal or mesenteric masses with cen- 
tral low-attenuation areas and liver metastases in the absence 
of ascites and lymphadenopathy, peritoneal leiomyosarco- 
matosis should be considered in the differential diagnosis. 
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Use of a Metal Detector to Identify 
Ingested Metallic Foreign Bodies 





A metal detector reveais the presence of metallic objects by measuring the change 
in the inductance of a coil placed near a metallic mass. The device used in this study is 
similar in principle to those used for passenger surveillance in airports except for its 
smaller size and simpler design. In this study, we compared the accuracy of a metal 
detector with that of plain radiographs for the localization of ingested metallic objects. 
Twenty-eight consecutive patients with the presumptive diagnosis of metallic foreign- 
body ingestion were examined with a metal detector. The results were compared with 
those of plain radiographs which were considered the gold standard. Fifteen positive 
cases and 13 negative cases were correctly diagnosed by metal detector examination. 
No false-positive or false-negative results occurred. 

Our experience suggests that metal detection is a simple and accurate technique for 
the localization of ingested metallic objects and provides information equivalent to that 
from plain radiographs for the treatment of patients with suspected foreign-body inges- 
tion. 


AJR 155:803-804, October 1990 


Despite the uneventful transit of most ingested foreign bodies through the 
gastrointestinal tract [1, 2], radiographs of the chest and abdomen are obtained 
routinely to establish the presence and the location of the swallowed object. Barium 
Studies are often performed when the expected evacuation of the ingested object 
is delayed. Because many foreign bodies contain metal [3], it is possible to use a 
metal detector rather than radiographs to locate swallowed objects, thus avoiding 
the exposure of young patients to ionizing radiation. 

A metal detector is an electronic device composed of an oscillating circuit whose 
resonant frequency is altered by the presence of metal. The proximity of a metallic 
mass changes the value of the inductance of a coil that is part of the oscillating 
circuit. The change in frequency of the oscillator is converted into an acoustic 
signal transmitted through a speaker or earphones. 

In our study, we used an inexpensive, hand-held instrument that is commercially 
available. We compared the performance of this instrument with that of plain 
radiographs for detecting and localizing ingested metallic objects. 


Subjects and Methods 


Between August 1987 and April 1989, all patients who presented to the Bronx Municipal 
Hospital emergency department for suspected ingestion of a foreign object were evaluated 
with a metal detector and with plain radiographs. 

Twenty-eight patients {19 boys, eight giris, and one woman) participated in the study. All 
except one were children between the ages of 10 months and 8 years. The weights of the 
children ranged from 18 to 55 Ib (8-25 kg). The only adult was a 130-ib (59-kg), 30-year-old 
woman. Informed consent was obtained before using the metal detector. The patients were 
examined dressed only in a hospital gown. Eyeglasses and jewelry were removed. in most 
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cases, the metal detector examination and the radiographs were 
obtained less than 1 hr apart. The same radiologist performed all of 
the metal detector examinations. Frontal radiographs of the chest 
and abdomen were obtained in each case and were interpreted by a 
second radiologist who withheld his or her interpretation until the 
metal detector examination was completed. None of the patients 
required a barium study. 

The metal detector used in this study was a Model 2000 (White's 
Electronics, Inc., Sweet Home, OR). It is a hand-held instrument with 
a 10-cm detector loop. The electronic circuitry is housed in a unit 
separate from the detector and connected to the loop by a cable. 
This arrangement minimizes the size of the scanning unit, which is 
approximately 35 cm long. We found the sensitivity of this instrument 
satisfactory for routine emergency department applications. In vitro 
sensitivity was determined by placing known metallic objects behind 
a wooden barrier approximately 5 cm thick. Coin-sized objects were 
easily detected. Objects of the size of surgical staples were not 
detected. More sensitive instruments are available, but we chose this 
particular model for its ease of operation and because it does not 
require calibration or fine tuning before each use. 


Results 


A metallic foreign body was found by the metal detector in 
15 of the 28 patients examined. In every instance, the pres- 
ence of a metallic object was confirmed on plain radiographs. 
In the remaining 13 cases with a negative metal detector test, 
no radiopaque foreign body was observed on plain radio- 
graphs. No false-positive or false-negative metal detector 
examinations occurred. Tooth fillings are sensed by the metal 
detector and are a potential source of false-positive results. 
However, the intraoral position of these objects was clearly 
recognized and was not a cause for error. In the 15 positive 
cases, the position of the metallic object in the abdomen 
estimated by metal detection agreed with that determined by 
examining radiographs: one foreign body was in the esopha- 
gus, eight were in the stomach, five in the small bowel or 
transverse colon, and one in the rectosigmoid colon. No 
foreign bodies were in the trachea or bronchi. In one case, a 
thin aluminum object was easily located by metal detection 
but was barely visible on the abdominal film. 

Stomach, colon, and small bowel were identified on plain 
radiographs according to standard radiologic gas patterns. 
None of the patients required barium studies. Localization of 
objects within the gastrointestinal tract with the metal detec- 
tor was done according to anatomic clues. If the maximal 
signal was detected in the posterior pelvis, then the object 
was presumed to be in the rectosigmoid colon. An object 
detected in the anterior mid abdomen was presumed to be in 
the small bowel or transverse colon. An object detected in 
the epigastric area was presumed to be in the stomach or 
distal esophagus. Discrimination between proximal esopha- 
gus and trachea on the basis of anatomic clues only is difficult. 
Frontal and lateral films of the chest are indicated for better 
localization of objects in this area if endoscopic extraction is 
planned. 


Discussion 


Several nonradiologic techniques are available for the de- 
tection of ingested metallic objects. These include magnetom- 
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eters, which register the perturbation of a magnetic field 
caused by the presence of a material with magnetic proper- 
ties, and metal detectors, which measure the change in 
inductance of a coil when it is placed near a material that 
conducts electricity. Magnetometers can be used only to 
detect objects with magnetic properties. Metal detectors are 
sensitive to both magnetic and nonmagnetic material such as 
lead, silver, copper, aluminum, and brass. 

Finn et al. [4] evaluated several types of metal detectors 
and magnetometers to detect ferromagnetic objects in pa- 
tients scheduled for MR examinations. They noted that al- 
though magnetometers are consistently more sensitive than 
metal detectors, they are on the average 10 times more 
expensive and their use is limited to the detection of objects 
with magnetic properties. 

A superconducting quantum interference device, originally 
designed for the measurement of weak magnetic fields within 
the human brain, has been successfully adapted by ilmoniemi 
et al. [5] for the localization of millimeter-sized magnetic 
objects within the human body. The use of such an expensive 
and complex apparatus would be unnecessary for the detec- 
tion of commonly ingested foreign bodies. 

The metal detector examination can be performed in less 
than 2 min. In a busy emergency department, this is a 
considerable improvement over plain radiographs and avoids 
routine exposure to ionizing radiations. The absence of false- 
negative studies in our experience suggests that metal detec- 
tion can be used as the initial examination in cases of sus- 
pected foreign body ingestion. If the patient is asymptomatic 
and the metal detector does not find a foreign body, no further 
evaluation is necessary, because it has been shown that an 
asymptomatic child who has ingested a coin is virtually at no 
risk of intestinal obstruction or perforation [6]. If the clinical 
suspicion is high, radiographs of the chest and abdomen can 
be obtained, even in the case of a negative metal detector 
examination, to rule out nonmetallic swallowed objects. If the 
metal detector examination is positive and the ingested object 
is known to be round or smooth, a second metal detector 
examination can be done in 6-7 days if evacuation of the 
object is not observed. If the swallowed object is sharp or of 
unknown shape, an initial positive examination with a metal 
detector should be followed by a radiograph to determine the 
nature and location of the swallowed object. 
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Pictorial Essay 





Radiologic Imaging of Splenic Anomalies 


Wylie J. Dodds,’ Andrew J. Taylor, Scott J. Erickson, Edward T. Stewart, and Thomas L. Lawson 


Knowledge of the anatomy, embryology, and congenital anom- 
alies of the spleen is needed in order to avoid pitfalls in the 
interpretation of abdominal imaging studies such as CT and 
sonography. For this reason, this pictorial essay illustrates the 
anatomy, embryology, and radiologic images of congenital anom- 
alies of the spleen. 


Anatomy 


As the largest unit of lymphatic tissue in the body, the 
spleen is a solid alimentary-tract organ located in the lateral 
posterior part of the left upper abdomen [1]. It is generally 
shaped like a curved wedge with a convex superior diaphrag- 
matic surface, a gastric impression on its upper medial border, 
a renal impression along its lower medial margin, and, fre- 
quently, a colonic impression at its inferior margin (Fig. 1). 
The pancreatic tail often abuts against and indents the spleen 
at its hilum (Fig. 2). In supine adults, the spleen lies in the left 
subphrenic space, posterolateral to the stomach. Its anterior 
margin seldom projects ventral to the anterior axillary line, 
while its blunt posterior border generally lies within 3-4 cm of 
the lumbar spine (Fig. 2). The long axis of the spleen parallels 
the tenth rib. The left lateral pulmonary diaphragmatic recess 
frequently extends caudad as far as the inferior border of the 
spleen. This fact should be considered when performing 
percutaneous biopsy or drainage of splenic lesions. The in- 
ferior splenic border often nestles against and is supported 
by the phrenocolic ligament. Located within the dorsal gastric 
mesentery, the spleen divides this mesentery into the gastro- 
splenic and splenorenal ligaments [2, 3]. Thus, the spleen and 
its ligaments form the lateral margin of the lesser peritoneal 
sac [3]. The splenic vessels, lymphatics, and nerves course 
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along the superior border of the pancreas [4] to enter the 
splenic hilum (Fig. 3). Short gastric vessels are located within 
the gastrosplenic ligament. 


Embryology 


In a 4- to 5-week embryo (Fig. 4A), the stomach is sus- 
pended by a ventral mesentery (ventral mesogastrium) and 
dorsal mesentery (dorsal mesogastrium). During the fifth 
week, the spleen develops in the dorsal mesogastrium from 
mesenchymal cells that migrate between the leaves of the 





__-——. Gastric Impression 


Renal Impression 


Pancreatic Impression - Anterior Margin 


Colonic Impression 





— 





Fig. 1.—Drawing of splenic anatomy. Spleen seen from its medial border 
is a right anterior oblique view. Note that splenic hilum is vertically oriented 
and constitutes about 30-40% of vertical height of spleen. 
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mesentery and coalesce [2]. Thus, the spleen is the only 
alimentary-tract structure that does not develop directly from 
the gut or one of its anlagen. During the next 4-5 weeks, the 
stomach enlarges and rotates to the left while the liver en- 
larges and rotates to the right. Thus, the dorsal mesogastrium 
swings to the left [3] to form the lesser peritoneal sac (Fig. 
4B). Subsequently, the most dorsal part of the mesogastrium 
lies against and fuses with the posterior peritoneum to leave 
a short residual mesentery, called the splenorenal ligament 
(Fig. 4C). The location of the original mesentery is evident by 
the course of the splenic vessels that lie within the secondary 
anterior space of the left retroperitoneum [5]. The splenic 
vessels lie just cephalad to the pancreas and enter the spleen 
through the splenorenal ligament (Fig. 3). 

Variation exists in the splenorenal ligament, depending on 
the extent of fusion of the mesogastrium with the posterior 
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Fig. 2.—CT images of normal spleen from two 
patients. 

A, Location of spleen in left upper quadrant. 
Commonly, normal spleen has a kidney bean or 
boomerang shape on cross section. It comprises 
a posterior part dorsal to stomach and an anterior 
part lateral to stomach. Rounded medial margin of 
posterior spleen is commonly within 3-4 cm of 
spine, whereas anterior margin of spleen rarely 
projects ventral to anterior axillary line. 

B, Relationship of pancreatic tail to spleen. As 
in this example, pancreatic tail commonly passes 
through splenorenal ligament to abut spleen at its 
hilum. This anatomy provides a direct pathway for 
inflammatory or neoplastic processes of pan- 
creatic tail to invade spleen. 











Fig. 3.—Splenic artery (SA) and splenic vein 
(SV) are seen to course along cephalic margin of 
pancreatic body to enter spleen at its hilum. St = 
stomach, Sp = spleen, P = pancreas, A = aorta, 
VC = vena cava, PV = portal vein. 





peritoneum. The splenorenal ligament may persist as a short, 
narrow strut that creates a small bare area over the medial 
margin of the spleen (Fig. 5) or as a long mesentery. The tail 
of the pancreas, located within the dorsal mesentery of the 
duodenum at a level slightly caudad to the spleen (Fig. 6), is 
commonly located within the splenorenal ligament and abuts 
the splenic hilum (Fig. 2A). Because the pancreatic tail is 
located within the splenorenal ligament, inflammatory or neo- 
plastic processes of the pancreatic tail may extend directly 
into the spleen (Fig. 7). 


Congenital Anomalies 


Splenic clefts, notches, or lobulations that persist from fetal 
lobulations should not be mistaken for splenic fractures due 
to trauma. Clefts usually occur on the diaphragmatic surface 
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Fig. 4.—Schematic cross sections of upper abdomen of embryo and 
fetus. 

A, 5-week embryo. Stomach is supported by a dorsal mesentery (dorsal 
mesogastrium) and ventral mesentery (ventral mesogastrium). Spleen de- 
velops within dorsal mesogastrium while liver develops within ventral 
mesogastrium. 

B, 8-week embryo. As liver enlarges and swings to right, spleen and 
stomach swing leftward to form lesser peritoneal sac. Liver divides ventral 
mesogastrium into falciform (1) and gastrohepatic (2) ligaments. Spleen 
divides dorsal mesogastrium into gastrosplenic ligament (3) part of dorsal 
mesogastrium (4), part of which will become splenorenal ligament. This 





Fig. 5.—Abdominal CT scan of splenorenal ligament of patient with 
recurrent pancreatitis and ascites. A 4-cm pseudocyst is seen interposed 
between pancreatic body and stomach. Ascitic fluid in greater peritoneal 
cavity and lesser peritoneal sac outlines ruffled gastrosplenic ligament 
(curved arrow). A short splenorenal ligament (straight arrows) contains 
splenic vessels. 

















_ = 





Fig. 6.—Upper abdomen in 8-week embryo. Liver (L) swings to right 
while stomach (St.), spleen (Sp), and dorsal pancreas (DP) swing leftward. 
Ventral pancreas (VP) anlage is seen slightly caudad to dorsal pancreas. 
Spleen and dorsal pancreas are in common dorsal mesentery of stomach 
and duodenum. This embryologic anatomy explains why pancreatic tail 
commonly runs through splenorenal ligament to abut on splenic hilum. 
Normally, dorsal duodenal mesentery folds against and fuses with poste- 
rior peritoneum so that pancreatic body becomes a secondary retroperi- 
toneal structure. Ant. = anterior, Post. = posterior. (Modified and reprinted 
from Dodds et al. [5].) 





ligament normally lies against and fuses with posterior peritoneum to form 
short splenorenal ligament. Failure of this fusion leads to a long splenic 
mesentery and a wandering spleen. 

C, Mature fetus. Almost all of posterior part of dorsal mesogastrium has 
fused with posterior peritoneum to leave a short splenorenal ligament (4). 
Gastrosplenic ligament, spleen, and splenorenal ligament form lateral 
margin of lesser peritoneal sac. 

L = liver, Sp = spleen, S = stomach, K = kidney, 1 = falciform ligament, 
2 = gastrohepatic ligament, 3 = gastrosplenic ligament, 4 = splenorenal 
ligament. (Modified and reprinted from Dodds et al. [3].) 
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Fig. 8.—Example of splenic clefts on contrast- 
enhanced abdominal CT scan. Two congenital 
clefts (arrows) are seen. 


of the spleen (Fig. 8), whereas lobulations occur along the 
medial part of the spleen and may be supplied by an anoma- 
lous splenic artery (Fig. 9). Some lobulations cause a worri- 
some extrinsic gastric impression. 

One or more accessory spleens, or splenculi, are present 
in about 10% of the population. Accessory spleens are most 
often located in the vicinity of the splenic hilum (Fig. 10), along 
the course of the splenic vessels, or within the gastrosplenic 
ligament or omentum, but they may occur anywhere in the 
abdomen. Accessory spleens may be single or multiple, but 
there are seldom more than six (Fig. 11). Characteristically, 
they are smooth with a round or oval shape and are about 
1.0-1.5 cm in diameter. Because accessory spleens fre- 
quently overlap the pancreas and show a homogeneous stain 
on arteriography, they must be distinguished from an islet- 
cell pancreatic tumor on angiography. On CT, their character- 
istic appearance and location within the embryologic dorsal 
mesentery of the stomach and pancreas (Fig. 6) generally 
distinguish them from enlarged lymph nodes. Occasionally, 
an accessory spleen may be embedded along the greater 
curvature of the stomach to form an intramural mass. When 
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Fig. 7.—Disease invading spleen via spleno- 
renal ligament on contrast-enhanced CT scans. 
Commonly, pancreas passes through splenorenal 
ligament to abut against hilum of spleen. Conse- 
quently, disease processes of pancreatic tail have 
access to a direct pathway to spleen. 

A, Pseudocyst (arrow) originating from pan- 
creatic tail has extended into lower margin of 
splenic hilum. 

B, Carcinoma originating from tail of pancreas 
has invaded hilar area of spleen (arrows). Met- 
astatic areas of low attenuation are seen in liver. 





Fig. 9.—Example of splenic lobulation on a celiac arteriogram. 
A, Arterial phase. Accessory segmental artery (arrow) supplies upper medial margin of spleen. 
B, Capillary phase. Spleen exhibits a large lobulation (arrow) at its mediosuperior border. 


a splenectomy is done for a blood dyscrasia, all accessory 
spleens should be removed because they may enlarge once 
the main spleen is removed. Definitive identification of an 
accessory spleen is accomplished by a liver-spleen scan with 
technetium sulfur colloid, which labels splenic reticuloendo- 
thelial cells as well as those in the liver. Oblique views may 
be required. 

In some individuals, the dorsal part of the gastric mesentery 
(Fig. 4B) may not fuse with the dorsal peritoneum and thereby 
persist as a long mesentery. This anomaly results in a “wan- 
dering spleen,” which is highly mobile and may rotate to the 
center of the abdomen (Fig. 12). Frequently, the tail of the 
pancreas lies within the long splenic mesentery because of 
the proximity of the dorsal mesentery of the pancreas to the 
dorsal mesentery of the spleen during the first trimester of 
gestation (Fig. 6). A wandering spleen is often discovered as 
an asymptomatic mass in the anterior abdomen. Diagnostic 
evaluation by sonography, CT, or hepatic radionuclide scan- 
ning discloses that a normal spleen is not present in its typical 
location. Other confirmatory evidence of the diagnosis is that 
the splenic vessels pass to the ectopic mass. In some in- 
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Fig. 10.—Accessory spleen on slightly oblique 
coronal view obtained by placing transducer head 
between ninth and tenth ribs in mid axillary line. 
Spleen acts as sonographic window. Splenic vein 
(curved arrow) is seen entering hilum of spleen. A 
sharply defined 2- by 3-cm mass (straight arrows) 
shows same echogenic characteristics as spleen, 
and is identified adjacent to inferior margin of 
splenic hilum. This mass, judged to be an acces- 
sory spleen, was confirmed on abdominal CT. 





A 


Fig. 12.—Ectopic wandering spleen on hepatic 
scintigram obtained to evaluate asymptomatic, 
soft midline mass in middle abdomen that was 
discovered on a routine physical examination. An- 
terior view shows normal-appearing liver in upper 
abdomen. Ventral wandering spleen (arrow) is 
seen in midline, just caudad to liver. A normal 
spleen is not seen in left upper quadrant. 


stances, a wandering spleen undergoes a volvulus on its long 
mesentery. Such torsion causes vascular compromise, ische- 
mia, and the acute onset of abdominal pain. On abdominal 
CT, the ischemic spleen does not enhance after contrast 
injection (Fig. 13A). Also, a normal spleen, as well as the 
ischemic spleen, does not show radioactive uptake on an 
isotope scan (Fig. 13B). 

Several congenital cardiosplenic syndromes may occur that 
consist of complex cardiac malformations, splenic anomalies, 
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Fig. 11.—Accessory spleens on contrast-enhanced abdominal CT scans. 

A, Solitary accessory spleen (arrow) is located lateral to kidney and caudad to main spleen (not 
shown). Accessory spleen, a smooth 1.5-cm mass, had same attenuation as main spleen. Accessory 
spleen is located within original dorsal mesentery to stomach or duodenum. 

B, Multiple accessory spleens. On this CT image, three accessory spleens (arrow) are seen in fat 
of gastrorenal ligament. Three additional accessory spleens were present at more caudal levels. A 
main spleen was absent. This patient did not have congenital heart disease. 





Fig. 13.—Torsion and ischemic infarction of a wandering spleen. 

A, Contrast-enhanced CT scan below level of liver. Unenhanced mass (arrows), representing 
infarcted wandering spleen, is seen on left side of abdomen. 

B, Hepatic scintigram. Anterior view shows normal-appearing liver in upper abdomen, whereas 
spleen is not imaged. 


and intermediate situs. The asplenia type, predominant in 
females, has bilateral right-sided features of a horizontal 
midline liver, Howell-Jolly bodies in the peripheral blood re- 
sulting from asplenia, and bilateral right lung morphology. The 
polysplenic type, (Fig. 14), which occurs mainly in males, has 
bilateral left-sided features consisting of absence of a gall- 
bladder and bilateral left lung morphology. Both types may 
be associated with situs ambiguous of the gastrointestinal 
tract. The asplenic type is associated with cyanotic heart 
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disease and a poor prognosis. The spleen or spleens should 
be sought mainly in the upper quadrant ipsilateral to the 
stomach because the spleen develops in the dorsal gastric 
mesentery. 

Another congenital anomaly involving the spleen is the 
splenogonadal syndrome, wherein an association exists be- 
tween splenic and gonadal tissue [6]. In the first trimester of 
pregnancy, the developing anlage of the spleen and left 
gonadal anlage lie in close apposition (Fig. 4) when partial 
fusion occurs between the dorsal mesogastrium and left 
posterior peritoneum. At about 9 weeks of gestation, the left 
gonadal anlage begins to migrate toward the pelvis. A discon- 
tinuous type of splenogonadal anomaly occurs when some 
splenic tissue migrates with gonadal tissue. In this case, a 
normal single spleen is present in the left upper abdomen. In 
the continuous type of splenogonadal anomaly, a cord of 
splenic or fibrous tissue connects a normally located spleen 
with the testes, epididymis, ovary, or mesovarium. In males, 
left-sided cryptorchidism is present. Existence of the spleno- 
gonadal syndrome is generally documented as an unsus- 
pected finding in individuals undergoing surgery for other 
reasons, such as a splenectomy or oophorectomy. 

Congenital herniation of the left hemidiaphragm may involve 
the spleen as well as the intestine. Such herniations may be 
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Fig. 14.—Polysplenic cardiosplenic syndrome 
in child with complex congenital cardiac anomalies 
and polysplenism. 

A, Parasagittal sonogram through left kidney. 
Two round, 5- to 6-cm masses (asterisks) repre- 
senting multiple spleens are seen immediately 
ventral to kidney. A third spleen was identified just 
cephalad, but a normal-sized spleen was absent. 

B, Liver-spleen scintigram. Liver appears nor- 
mal. Three spleens (asterisks) are seen in left 
upper abdomen. 


Fig. 15.—Spleen (asterisk) located in eventra- 
tion of left hemidiaphragm is seen on abdominal 
CT scan obtained to exclude malignancy in 20- 
year-old patient. Diaphragmatic eventration was 
judged to be congenital. 


Fig. 16.—Anomalous location of spleen (arrow) 
behind left kidney. 


identified on sonography in utero or diagnosed in the neonate. 
Children or young adults may exhibit congenital diaphragmatic 
eventration (Fig. 15) or herniation. 

A relatively common congenital anomaly is a pronounced 
posterior location of the spleen behind the left kidney (Fig. 
16). This circumstance may occur when a deep peritoneal 
lateral recess persists that is filled by the spleen or intestine 
[5]. Importantly, this anatomic anomaly must be considered 
when doing a percutaneous puncture for placement of a 
nephrostomy tube in the left kidney. 
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Invasion of the Seminal Vesicles 
by Prostatic Cancer: Detection with 
Transrectal Sonography 





Endorectai sonography provides a potential means of detecting seminal vesicle 
invasion by prostatic cancer that is too subtle for diagnosis by digital rectal examination. 
To assess this application of sonography, we examined 300 patients with transrectal 
sonography of the prostate and seminal vesicles followed by histologic examination of 
the seminal vesicles from core biopsies and/or prostatectomy specimens. Of the 38 
patients with histologically proved seminal vesicle invasion by prostatic cancer, 35 
(92%) had an abnormal appearance of the seminal vesicles on sonography. Of 167 
patients with prostatic cancer without histologic evidence of seminal vesicle involve- 
ment, sonograms showed abnormal seminal vesicles in 42 (25%). in 95 patients with 
histologically normal prostates and seminal vesicles, sonograms showed abnormal 
seminal vesicles in 11 (12%). The sonographic findings correlating best with tumor 
invasion of the seminal vesicles were hyperechogenicity and a combination of two or 
more of the following abnormalities: cystic dilatation, asymmetry, enlargement, and 
anterior displacement. 

Our experience in these patients suggests that endorectal sonography can be useful 
in the detection of seminal vesicle involvement by prostatic cancer. 
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Seminal vesicle invasion by prostatic cancer, even in the absence of lymph node 
metastases, carries an extremely poor prognosis when treated by radical prosta- 
tectomy [1, 2]. Therefore, the clinical detection of seminal vesicle invasion has 
been proposed as a contraindication to radical prostatectomy. However, the 
preoperative detection of seminal vesicle invasion by digital rectal examination is 
subject to error. Endorectal prostatic sonography has emerged as a potentially 
more effective means of diagnosing seminal vesicle involvement by prostatic cancer 
[3-5]. In this study, we attempt to define the sonographic characteristics exhibited 
by seminal vesicles invaded by prostatic cancer. Ninety-five subjects without 
prostatic cancer and 205 patients with prostatic cancer were studied. The inclusion 
criteria consisted of the demonstration of normal seminal vesicles by digital rectal 
examination, the performance of sonography before any other procedures, and the 
subsequent availability of seminal vesicle tissue for histologic evaluation. The 
Sonographic appearance of the seminal vesicles is correlated with the histologic 
findings. 


Subjects and Methods 


In the year between October 1, 1987, and October 1, 1988, 300 men more than 50 years 
of age underwent endorectal sonographic imaging, including seminal vesicle evaluation. 
Subsequent histologic examination of the seminal vesicles was performed through core 
biopsies (183 patients), prostatectomy specimens (60 radical retropubic prostatectomy and 
20 radical cystoprostatectomy patients), or both (37 patients). Only patients in whom the 
seminal vesicles could be evaluated by digital rectal examination and were thought to be 
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normal on the basis of palpation by two urologists were included in 
the study group. Carcinoma of the prostate was present in 205 
patients. In 38 (19%) of those 205, the seminal vesicles were involved 
by cancer. Ninety-five subjects were free of prostatic cancer. These 
normal subjects were included to determine whether prostatic cancer 
without seminal vesicle invasion resulted in sonographic characteris- 
tics different from those in persons without prostatic cancer and from 
those in patients with cancer with seminal vesicle involvement. 

The Bruel & Kjaer (Naerum, Denmark) 1846 console was used for 
all sonograms. Before any seminal vesicle biopsies, each patient was 
scanned transversely with the 7.0-MHz axial transducer (Bruel & 
Kjaer model 1850). Sagittal scanning was then performed with the 
7.0-MHz sector scanner (Bruel & Kjaer model 8537). Digital rectal 
examination findings were known at the time of sonography. The 
seminal vesicles were Classified as normal (Fig. 1) or abnormal images 
at the time of the sonographic examination by measurement of the 
anteroposterior dimension of the seminal vesicles, measurement of 
the distance between the seminal vesicle and the rectal surface, and 
comparison of the echogenicity of the seminal vesicles to that of the 
overlying bladder wall. Measurements were taken just to the side of 
the midline, so that the ampulla of the vas deferens was not included 
in the measurement, and lateral distortion typical of sonographic 
images did not interfere. 

lf abnormal, the seminal vesicle images were further divided into 
six categories: (1) Anterior displacement: defined as seminal vesicles 
1 cm or more from the midline rectal wall on transverse scan (Fig. 2). 
(2) Asymmetry: the size and configuration of the seminal vesicle 
lobulations varies from one side to the other (Fig. 3). (3) Hyperecho- 
genicity: seen as either diffuse or patchy internal echoes causing the 
seminal vesicles to be significantly more hyperechoic than the over- 
lying bladder wall on transverse scan (Fig. 4). The bladder wall is 
used as a Standard so that variations in echogenicity caused by 
differing gain settings and equipment are not a factor. (4) Cystic 
dilatation: seminal vesicles measuring 1 cm or more in anteroposterior 
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Fig. 1.—Sonogram of 56-year-old 
man with normal prostate and seminal 
vesicles. Normal seminal vesicles are 
small and symmetric, showing an ech- 
ogenicity similar to that of overlying 
bladder wall. 


Fig. 2.—Sonogram of 64-year-old 
man with prostatic cancer invading 
seminal vesicles. Seminal vesicles are 
anteriorly displaced (arrows) more than 
1 cm from rectal surface. 


Fig. 3.—Sonogram of 52-year-old 
man with normal prostate and asym- 
metric seminal vesicles. Lobular pat- 
tern of two seminal vesicles is differ- 
ent, indicating asymmetry. 

Fig. 4.—Sonogram of 70-year-old 
man with prostatic cancer invading 
seminal vesicles. Seminal vesicles are 
more hyperechoic than bladder. In this 
example, pronounced hyperechogen- 
icity makes it difficult to differentiate 
seminal vesicles (arrows) from sur- 
rounding hyperechoic adipose tissue. 


dimension on transverse scan with the anechoic internal appearance 
and increased through-transmission typical of cystic structures (Fig. 
5). (5) Enlargement: seminal vesicles are 1 cm or more in anteropos- 
terior dimension on transverse scan without the characteristic echo- 
patterns of cystic structures (Fig. 6). (6) Combination: identification 
of two or more of the above abnormalities. The 1-cm limit for anterior 
displacement, cystic dilatation, and enlargement was established on 
the basis of trends observed in preliminary, unpublished studies as 
well as previous descriptions of suspicious findings on sonograms of 
seminal vesicles [3, 5]. 

As hypoechogenicity at the base of the prostate has been reported 
to indicate seminal vesicle invasion [4], its presence or absence on 
both axial and sagittal scans also was noted for each case (Fig. 7). 

Sonographically guided seminal vesicle biopsies were performed 
in 220 patients with the sector scanner and puncture attachment 
(Bruel & Kjaer model UA 0875) as a guide for the Bard (Covington, 
GA) 18-gauge Biopty needle driven by the Bard Biopty gun. Seminal 
vesicle biopsy did not present a higher risk for sepsis, rectal bleeding, 
hematuria, or urinary retention than biopsies of the prostate alone 
did. Some patients did, however, experience painless, transient he- 
matospermia after seminal vesicle biopsy. 

Every seminal vesicle and biopsy core was longitudinally sectioned 
and classified as to the presence or absence of cancer. In the seminal 
vesicle sections from the prostatectomy specimens, the percentage 
of each seminal vesicle that was involved with cancer was noted. 

Pearson correlation coefficients were calculated for each of the 
abnormalities. 


Results 


The correlation of the seminal vesicle sonograms and his- 
tology is shown in Table 1. In the 95 patients with histologi- 
cally normal prostates and seminal vesicles, the sonographic 
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Fig. 5.—Sonogram of 57-year-old 
man with normal prostate and cystic 
seminal vesicles. With cystic dilatation, 
seminal vesicles (arrows) are almost 
anechoic with increased through- 
enhancement; their anteroposterior di- 
mension is more than 1 cm. 


Fig. 6.—Sonogram of 62-year-old 
man with prostatic cancer invading 
seminal vesicles. Seminal vesicles (ar- 
rows) are enlarged; anteroposterior di- 
mension is greater than 1 cm, and ech- 
ogenicity is similar to that of overlying 
bladder. 





Fig. 7.—Sonogram of 69-year-old man with prostatic cancer not involv- 
ing seminal vesicles. Hypoechoic lesion is seen in sagittal plane at base 
of prostate (arrow). 


image of the seminal vesicles was normal in 84 (88%). The 
abnormality most commonly seen in the remaining 11 patients 
was cystic dilatation of the seminal vesicles (five patients). 
Enlargement and asymmetry of the seminal vesicles were 
each observed in two patients. In one patient, slight hyper- 
echogenicity was seen. Anterior displacement was not seen 
in any of this group. A combination of two of the abnormalities 
(asymmetry and cystic dilatation) was seen in only one patient 
without prostate or seminal vesicle disease. Hypoecho- 
genicity at the base of the prostate was observed on both 
axial and sagittal images in 42% (40 of 95) of these 
patients. 

There were 167 cases of cancer of the prostate that spared 
the seminal vesicles; the sonographic appearance of the 
seminal vesicles from this group was normal in 125 (75%). 
Among the 42 with abnormal-appearing seminal vesicles, 
cystic dilatation again was the most common abnormality (22 
of 167, or 13%). Enlargement was the second most frequently 
seen abnormality in this group (10 of 167, or 6%). Some 
degree of hyperechogenicity was seen in 4% (six of 167), 
anterior displacement in 2% (four of 167), and asymmetry in 
2% (four of 167). Of abnormalities demonstrated in this group, 
2% (four of 167) were a combination of two or more of these 
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characteristics. Basilar hypoechogenicity was present in 63% 
(105 of 167) of these patients. 

There were 38 patients with seminal vesicle invasion by 
prostatic cancer. Thirty-five (92%) of these 38 exhibited an 
abnormal appearance of the seminal vesicles on sonographic 
examination. Nine patients with abnormal seminal vesicles 
underwent radical prostatectomy; two of the nine had sono- 
graphically normal seminal vesicles. In these two normal- 
appearing cases, the seminal vesicles were unilaterally in- 
vaded and involved with cancer by 5% or less. Conversely, 
in the seven prostatectomy patients with carcinoma invading 
the seminal vesicles in whom the sonographic findings were 
abnormal, three were found to have bilateral involvement. In 
five of these seven, one or both seminal vesicles were more 
than 20% involved by cancer; the remaining two patients 
were found to have cancer in 5% of one seminal vesicle. 

The abnormality most commonly seen in those with seminal 
vesicle invasion was a combination of two or more of the 
previously defined abnormal features (22 of 38, or 59%). The 
components of these combinations included hyperechogen- 
icity in 21 patients, enlargement in 14 patients, cystic dilatation 
in 11 patients, anterior displacement in seven, and asymmetry 
in two patients. Solitary abnormalities were seen less fre- 
quently, appearing in 13 of the patients with seminal vesicle 
invasion. Hyperechogenicity was present in five patients, 
cystic dilatation in four, enlargement in two, and asymmetry 
and anterior displacement in one patient each. Of these 
patients with seminal vesicle invasion, 61% (23 of 38) showed 
hypoechogenicity at the base of the prostate. 

The sensitivity of any abnormal finding on transrectal so- 
nography for the presence of seminal vesicle invasion by 
prostatic cancer is 92%, whereas the specificity is 80%. If 
only hyperechogenicity and a combination of two or more 
abnormalities are considered suspicious, the sensitivity is 
71% and the specificity is 94%. These figures naturally do 
not reflect the true value of these statistics, because exami- 
nation of the entire seminal vesicle in radical prostatectomy 
specimens is the only means of confirming the presence of 
seminal vesicle invasion, as core biopsies might not detect 
minute areas of microscopic seminal vesicle invasion. How- 
ever, of the 37 patients who underwent both sonographically 
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TABLE 1: Correlation of Endorectal Sonography and Histology of the Seminal Vesicles 
FESIS ESENE ENONSE eT SRT PE I E ETETE EE AHL RENO TERETE ET ITI ETUDE TO LS ILENE DEANE SDE ED TERETE DT EGE ERA LL ETE ALE EE, 


Sonographic Appearance of Seminal Normal Prostate and 


Vesicles Seminal Vesicles 

Normal 84 (88%) 
Abnormal 11 (12%) 
Cystically dilated 6 (6%)P 
Enlarged 2 (2%) 
Hyperechoic 1 (1%) 

Asymmetric 3 (BAF 
Anterior displaced 0 (0%) 
Combination® 1 (1%) 
Abnormally hypoechoic prostatic base 40 (42%) 
Total 95 (100%) 


Prostate, Normal 


Correlation with 
Seminal Vesicle 


Cancer in 
Prostate and 


Cancer in 


Seminal Vesicies Seminal Vesicies invasion (r) 
125 (75%) 3 (8%) —0.53° 
42 (25%) 35 (92%) 0.53? 
22 (13%)? 15 (40%) 0.27° 
10 (6%)? 16 (42%) 0.52° 

6 (4%) 26 (69%F SRE a 
4 (2%)? 3 (8%)? 0.10° 
4 (2%)? 8 (21%)? 0.33% 
4 (2%) 22 (58%) 0.67° 
105 (63%) 23 (61%) 0.03° 


167 (100%) 38 (100%) 





* Denotes statistical significance (p < .0005). 

“Includes those cases comprising the combination category. 

° Denotes statistical significance (p < .10). 

* Cases in which two or more of the above abnormalities were present. 
° Denotes statistical significance (p < .25). 


guided seminal vesicle biopsy and radical prostatectomy 
specimen evaluation, the seminal vesicle biopsies did not 
show cancer in 35 patients. Subsequent microscopic exami- 
nation of the seminal vesicles from the operative specimens 
also failed to reveal cancer invasion in all 35 patients. Two 
patients were found to have carcinoma in the seminal-vesicle 
biopsy cores and were subsequently found to have extension 
of their prostatic cancer into the seminal vesicles at prosta- 
tectomy. Seminal vesicle biopsies were therefore 100% ac- 
curate in predicting the presence of seminal vesicle invasion 
by prostatic cancer. 


Discussion 


Authors of prior studies have proposed two characteristics 
as indicative of seminal vesicle invasion by prostate cancer: 
abnormal hypoechogenicity at the base of the prostate and 
abnormal angulation of the seminal vesicles [4, 5]. Lee [4] 
suggests that hypoechogenicity at the base of the prostate 
is a reliable predictor of seminal vesicle invasion and is an 
indication for prostatic biopsy at the site of insertion of the 
ejaculatory ducts, an area he labels the invaginated extra- 
prostatic space. On the basis of our data, a hypoechogenic 
focus at the base of the prostate is not indicative of seminal 
vesicle invasion (r = .03). In 92% of patients with seminal 
vesicle invasion, carcinoma of the prostate migrates within or 
along the sheath of the ejaculatory ducts [6]. Thus, the 
presence of cancer in or around the sheath of the ejaculatory 
ducts cannot serve as a marker of incurability. Therefore, the 
invaginated extraprostatic space should not be sampled by 
biopsy in order to avoid confusion over actual seminal vesicie 
invasion. 

Shinohara et al. [5] describe an unusually obtuse angle at 
the point of insertion of invaded seminal vesicles into the 
prostate that results in anterior displacement on transverse 


images. Anterior displacement was observed in 21% (eight of 
38) of the patients in this study with seminal vesicle invasion 
and in 2% (four of 167) of patients with prostatic cancer not 
invading the seminal vesicles. In Shinohara’s group of 85 
patients, this abnormality was observed in 28% (seven of 25) 
of patients with seminal vesicle involvement and in 2% (one 
of 60) of those with prostatic cancer not involving the seminal 
vesicles, correlating well with our findings. Anterior displace- 
ment correlated with seminal vesicle invasion with a coeffi- 
cient of .33. 

in addition to these two previously described characteris- 
tics, hyperechogenicity, asymmetry, cystic dilatation, and en- 
largement also were evaluated. Hyperechogenicity was highly 
predictive of seminal vesicle invasion (r = .73). Because of 
the averaging effect of sonography, the multiple fluid-filled 
lumens of the seminal vesicles give them a relatively hypo- 
echoic appearance when compared with the extremely hy- 
perechoic adipose tissue that surrounds them. If these lumens 
were obliterated by tumor cells, the organs would be expected 
to develop increased echogenicity as opposed to the hypo- 
echogenicity exhibited by cancer within the prostate. 

Asymmetry of the seminal vesicles was of no value in 
predicting involvement by prostatic cancer (r = .10). Asym- 
metry may represent pure anatomic variation rather than 
evidence of a mitotic process. 

An abnormal seminal vesicle appearance was more fre- 
quently seen in patients with normal seminal vesicles and 
prostates involved by cancer than in patients with no prostatic 
cancer. Most of these abnormal images were characterized 
by cystic dilatation and enlargement, findings probably related 
to an increased volume of semen sequestered in the seminal 
vesicles. Obstruction of seminal vesicle drainage is a likely 
cause of the frequent cystic dilatation and enlargement seen 
in patients with prostatic cancer. in addition to engorgement 
with semen, enlargement also may be an indicator of infiltra- 
tion with tumor cells, correlating with seminal vesicle invasion 
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with a coefficient of .52. in all but two patients with seminal 
vesicle invasion, enlargement was seen in combination with 
hyperechogenicity. 

Seminal vesicle involvement also was correlated (r = .67) 
with the presence of two or more of the following character- 
istics: anterior displacement, hyperechogenicity, asymmetry, 
enlargement, or cystic dilatation. 

Transrectal sonography with biopsy of seminal vesicles in 
patients with a large palpable prostate nodule, palpably ab- 
normal seminal vesicles, or a prostate-specific antigen level 
by the Yang polyclonal assay of greater than 20 ng/mi has 
become a routine component of our preoperative evaluation 
before radical prostatectomy. In addition, patients who have 
an abnormal appearance of the seminal vesicles, particularly 
hyperechogenicity or a combination of abnormalities, undergo 
biopsies. In general, biopsy is not performed in those patients 
with either cystic dilatation, enlargement, or asymmetry of the 
seminal vesicles. A palpable nodule or hypoechogenicity at 
the base of the prostate is not considered an indication for 
seminal vesicle biopsy. 
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Book Review 


How to Measure Angles from Foot Radiographs. A Primer. By Alan E. Oestreich. New York: Springer-Verlag, 


48 pp., 1990. $19.95 


Alan Oestreich admirably succeeds in delivering, as promised in 
the preface. a primer for the radiologic tyro who is attempting to 
acquire the skills necessary to recognize and perspicuously describe, 
if not understand, foot disorders. The 1.5-2.0 hr invested in reading 
and reflecting on this conversationally styled fascicle would serve well 
all beginning radiology, pediatric, and orthopedic residents and many 
medical students. 

The text is divided, illustrated, and seeded with visual mnemonics 
into seven chapters: varus and valgus, hindfoot, forefoot, inversion 
and eversion, lateral foot, clubfoot, and miscellaneous. Oestreich 
unambiguously defines and illustrates the recognition and proper use 
of the seemingly ubiquitous and confounding terms varus and valgus 
for the range of orthopedic and radiologic practice, including the foot, 
ankie, knee, hip, and osteotomies. Using illustrative reproductions of 
radiographs and line diagrams, he presents most common malalign- 
ments of the hind- and forefoot, with accompanying ranges of normal 
values for age. Concise and lucid definitions and appropriate exam- 
ples of hallux valgus, metatarsus primus varus, bunionette deformity, 
and so forth are made orderly for the beginner. In assessment of the 
lateral foot, the terminology is often confusing to the inexperienced. 
The line diagrams and accompanying discussion of cavus and planus, 
vertical talus, and the mnemonic for equinus and calcaneus position- 
ing is effective. The chapter on clubfoot succinctly provides a clear 
definition by using only line diagrams and sparse but focused text. 


Certainly, this information is available in numerous more authori- 
tative sources, such as Berquist’s Radiology of the Foot and Ankle, 
Jahss’s Disorders of the Foot, Silverstein's Caffey’s Pediatric Radiol- 
ogy, and Keats and Lusted’s Atlas of Roentgenographic Measure- 
ments. However, in none of them is it as terse, lucid, and easily 
attainable. The author makes no claim at providing more than an 
approach to recognition and description, and I think he has succeeded 
in doing so. 

This publication has two major weaknesses. Its superficial nature 
mandates further reading by the student. To that end, either more 
numerous (but not exhaustive) references or suggested readings 
might be advantageous. Finally, it costs too much (about $20) for 
what it delivers. If it cost, say, $10, then it would be something every 
radiology resident or aspirant might want to purchase. As it stands, 
it would be good to have available to those beginning their first 
experience with radiographs of the musculoskeletal system. 


F. A. Mann 

Mallinckrodt Institute of Radiology 
Washington University Medical Center 
St. Louis, MO 63110 
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Review Article 





MR Imaging of Tumor and Tumorlike Lesions of Bone and 


Soft Tissue 


Murali Sundaram’ and R. A. McLeod? 


This review examines the role of MR imaging in the diagnosis 
and staging of tumors and tumorlike lesions of bone and soft 
tissue. For tumors of bone, the plain radiograph is not only the 
least expensive diagnostic test but is the most reliable predictor 
of the histologic nature of a given lesion. Consequently, it should 
be the first procedure performed and serve as the basis for 
determining the next step in the patient’s evaluation. MR imaging 
is the examination of choice for staging bone tumors. CT is 
preferred to MR imaging only when the characteristics of the 
lesion are inadequately defined on plain radiographs, as may 
occur in flat bones. Although MR imaging is of limited value in 
predicting the histology of bone tumors, it is a useful tool for 
distinguishing round-cell tumors and metastases from stress 
fractures and medullary infarcts in symptomatic patients with 
normal radiographs. For depiction of soft-tissue masses, MR 
imaging is unrivaled. The histologic nature of a soft-tissue mass 
may, in some instances, be predicted on the basis of its MR 
appearance and multicentricity. Biopsy of bone and soft-tissue 
tumors should follow and not precede MR imaging. MR imaging 
reliably shows change in tumor volume after radiation or chemo- 
therapy. It is less reliable in predicting the amount of tumor 
necrosis. 


MR imaging is now the examination of choice for local 
Staging of tumors of bone and for evaluating clinically inde- 
terminate soft-tissue masses [1-14]. Bone and soft-tissue 
tumors should be diagnosed and staged before biopsy. This 
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article reviews the literature on MR imaging of tumors and 
incorporates the experience from two institutions in the ap- 
plication of MR imaging for 1865 tumors or tumorlike lesions 
of bone and soft tissue. For lesions of bone, the proper use 
of MR imaging usually is predicated on accurate initial plain 
film evaluation. The significance of an abnormal MR image in 
symptomatic patients with normal radiographs and the value 
of MR imaging in evaluating sarcomas after chemo- or radio- 
therapy are addressed. Patient histories and clinical exami- 
nations determine the need for further evaluation of a soft- 
tissue mass by MR imaging. In addition to accurate staging, 
MR imaging permits diagnosis of some soft-tissue masses 
on the basis of MR appearance and demonstration of clinically 
unsuspected multiple tumors. The value of MR imaging for 
distinguishing benign from malignant soft-tissue tumors is 
also reviewed. 


Indications for MR Imaging in Patients with Solitary 
Tumors of Bone 


Of all of the methods used in the evaluation of bone tumors, 
the plain film radiograph is not only the least expensive but 
also the most reliable predictor of the histologic nature of a 
given lesion [4]. The importance of accurate evaluation of the 
radiographs in conjunction with knowledge of the patient's 
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age, sex, and clinical presentation cannot be overemphasized 
because it determines the next step in the evaluation of the 
abnormality. 

Patient management follows one of four paths: (1) no future 
observation or treatment required (for example, metaphyseal 
fibrous defect); (2) observation with periodic plain film exami- 
nation (e.g., enchondroma); (3) biopsy and excision (é.g., 
benign intracompartmental lesions, simple bone cyst); or (4) 
further imaging for staging before surgery (e.g., aggressive 
benign lesions, indeterminate and malignant tumors). 

CT or MR imaging of a solitary bone tumor should be 
performed before biopsy [15]. Biopsy before staging negates 
the vaiue of imaging to direct the site of and approach to 
biopsy. In the immediate period after biopsy, the difficulty in 
distinguishing tumor from edema, hemorrhage, and reactive 
fibrosis may result in overestimation of tumor extent. The 
choice of imaging technique is influenced largely by the loca- 
tion of the tumor and the ability of the radiologist to identify 
the morphologic features of the tumor on plain films and arrive 
at a differential diagnosis. The optimal staging examination 
for tumors of the peripheral skeleton is MR imaging; most 
primary tumors occur in this location [1-4, 6, 7]. Staging is 
usually achieved by using two pulsing sequences: a coronal 
or sagittal Ti-weighted pulsing sequence for intramedullary 
extent of disease and a multiecho T2-weighted axial sequence 
for demonstration of extraosseous disease and the relation- 
ship to neurovascular structures (Figs. 1 and 2) [16]. Images 
using axial gradient-recalled acquisition in the steady state 
(GRASS) can be obtained in a short time and are useful for 
the evalution of adjacent vessels. The accuracy of MR for 
recognizing intramedullary and extraosseous disease and the 
relationship of the tumor to adjacent neurovascular structures 
is superior to that of CT. CT is better for the demonstration 
of tumor mineralization, fine periosteal reactions, and cortical 
integrity, but in most cases, these features are shown ade- 
quately on plain films. 

CT is preferred over MR imaging in the peripheral skeleton 
when osteoid osteoma is strongly suspected. In these cases, 
CT is the preferred examination because it is extremely 
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sensitive for detection and precise delineation of the nidus 
(Fig. 3) [17]. 

MR imaging is a useful problem-solving technique in those 
patients with pain in the appendicular skeleton and normal or 
subtly abnormal findings on radiographs. Neoplasms that may 
present in this manner are the round-cell tumors (Ewing 
sarcoma, lymphoma, myeloma) and metastasis (Fig. 4). MR 
imaging will detect all such lesions reliably, although in general 
it is not possible to predict the histologic nature of the specific 
lesions [4]. 

Lesions in flat bones such as the pelvis, scapulae, ribs, and 
vertebrae cannot be characterized on plain films as completely 
as can tumors of long bones (Fig. 5). The lesion may be 
difficult to see in its entirety, and uncertainty may exist about 
its extent and relationship to the bone or origin. The character 
of the tumor also may be difficult to appreciate. When a lesion 
cannot be characterized on the radiographs, CT is preferred 
to MR imaging because it permits analysis of the internal 
features of a lesion, and it will depict the lesion’s morphology 
accurately (Fig. 5). MR imaging of such axial lesions is inferior 
to MR imaging of other tumors because of motion, flow, and 
other artifacts, as well as the frequent need to use a body 
coil, with resultant loss of spatial resolution and signal-to- 
noise ratio. When a lesion such as an osteoblastoma or an 
aneurysmal bone cyst of the posterior elements of a vertebra 
is well characterized on plain films, MR imaging often is 
preferred to demonstrate soft-tissue extent. in vertebral le- 
sions, MR imaging provides an accurate depiction of the 
relationship of tumor to the spinal canal without the use of 
intrathecal contrast medium [5]. Rarely are both CT and MR 
imaging required, and they should not be routinely considered 
as complementary. 


MR Imaging in the Diagnosis of Tumor and Tumorlike 
Lesions of Bone 


Because most tumor and tumorlike lesions of bone have 
long T1 and long T2 relaxation times and because benign and 


Fig. 1.—Osteosarcoma of femur. 

A, Coronal T1-weighted MR image shows dra- 
matic contrast between high-signal marrow and 
low-signal sarcoma. 

B, Axial MR image shows soft-tissue compo- 
nent posteriorly and laterally. Note uninvolved 
popliteal artery and vein as well as tibial and 
common peroneal nerves. These structures are 
separated from tumor by normal fat. 
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Fig. 2.—Mesenchymal chondrosarcoma of 
lower femur. 

A, Sagittal T1-weighted MR image shows that 
medullary canal is free from tumor. 

B, Axial T2-weighted image shows soft-tissue 
component with good contrast relative to normal 
muscle. Popliteal artery and vein are intimately 
associated with posterior tumor surface. Sciatic 
nerve is uninvolved. This case illustrates the 
reliability of MR imaging in accurately depicting 
relationship of tumor to critical neurovascular 
structures and medullary canal. 





A 


Fig. 3.—Osteoid osteoma of lower tibia. 











B C 


A, Lateral radiograph shows sclerosis and cortical thickening. 
B and C, CT scan (B) detects and MR image (C) localizes tumor nidus with central ossification. In general, CT has been considered superior in cases 


of this type. 


Fig. 4.—Lymphoma of lower femur. 

A, Radiograph is normal except for fine peri- 
osteal new bone. 

B, T1-weighted sagittal MR image shows long 
intramedullary diaphyseal tumor, which ac- 
counts for periosteal new bone seen on radio- 
graph and indicates need for biopsy. Biopsy is 
required to determine tumor type. 
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malignant tumors are so demarcated, MR is unreliable in 
predicting the histology of the tumor [4]. 

MR imaging, however, may permit the diagnosis of skip 
lesions, which have been associated most often with osteo- 
sarcomas. Although these would be visible on scintigraphy, 
an entirely unsuspected skip lesion in Ewing sarcoma not 
seen on scintigraphy has been described [18]. 

For tumors of bone that have a soft-tissue component, 
most observers think that MR imaging cannot distinguish 
edema and reactive changes at the tumor periphery from 
actual tumor invasion. Experience with our oncologists sug- 
gests that making the distinction has limited therapeutic sig- 
nificance because during limb-salvage procedures every effort 
is made to obtain a wide margin by removing tumor, surround- 
ing edema and reaction, and a layer of uninvolved tissue. 
Erlemann et al. [19] suggested that enhanced T1-weighted 
spin-echo sequences and dynamic gadopentetate dimeglu- 
mine-—enhanced studies used in conjunction with unenhanced 
T1- and T2-weighted spin-echo studies improve the differen- 
tiation of necrotic from viable tumor tissue, which may help in 
planning biopsy. They further pointed out that enhanced 
sequences cannot replace unenhanced spin-echo sequences 
because contrast between tumor and normal marrow is su- 
perior on the unenhanced scans. 
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Fig. 5.—Sacral chordoma. 

A, Radiograph shows possible radiolucent ab- 
normality in lower mid sacrum and to left (arrow). 
Lesion is difficult to characterize. 

B, CT scan shows irregular bone destruction, 
soft-tissue mass projecting anteriorly in midline, 
and irregular calcification, all typical of chor- 
doma. 

C, T1-weighted MR image shows mass with 
long T1 common to most tumors. 

D, T2-weighted MR image shows long-T2 sac- 
ral tumor. Matrix calcification is not seen. CT is 
superior to MR imaging in arriving at a diagnosis 
when a tumor is inadequately characterized by 
plain films, as frequently occurs in flat bones. 


Although round-cell tumors including Ewing sarcoma may 
appear abnormal on MR and normal or subtly abnormal on 
radiographs, the most common cause for this combination of 
findings in otherwise healthy adolescents has been stress or 
occult traumatic fractures [17]. Occasionally, the distinction 
between tumor and fracture is difficult. In the right clinical 
setting, biopsy can be delayed, and radiographs in 1 week to 
10 days often will show the characteristic features of a healing 
fracture. 

In addition to round-cell tumors, metastases, and stress 
fractures, another entity encountered in symptomatic patients 
with a normal radiograph and an abnormal MR image is 
medullary bone infarct. MR findings are characteristic, show- 
ing an undulating oval ring of low signal in the medulla near 
the bone end. Multiplicity and symmetry are seen often. These 
patients tend to be older, and risk factors such as use of 
corticosteroids may be present. 


Indications for MR Imaging in Patients with Soft-Tissue 
Masses 


MR imaging is the examination of choice for soft-tissue 
masses [8-14, 20-27]. The patient’s history and clinical 
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Fig. 6.—Large lipoma of thigh. T1-weighted im- 
age shows multiple whorled and linear thin septa 
in a lipoma. 
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Fig. 7.—Myxoid liposarcoma of thigh. 
A, T1-weighted MR image shows a few high-signal foci in low-signal mass. 
B, T2-weighted MR image shows inhomogeneity of signal and poor margination. Increased signal 


in adjacent muscle is seen on T2-weighted sequence also. 


examination determine the need for MR imaging. The 
strengths of MR imaging more than adequately compensate 
for its failure to detect calcification or ossification within the 
tumor. Although plain films may not be required in every 
instance when MR imaging shows a soft-tissue mass, they 
nearly always show such mineralization. When MR imaging 
of soft-tissue masses is indicated it should always be done in 
the axial plane and complemented with either the sagittal or 
the coronal plane. Both T1- and multiecho T2-weighted puls- 
ing sequences should be obtained. 


MR Imaging in the Diagnosis of Soft-Tissue Masses 


Most tumors, both benign and malignant, have long T1 and 
long T2 relaxation times. Therefore, in most cases, signal 
intensity alone provides little information about the histologic 
nature of a given mass. Exceptions include lipoma, subacute 
hematoma, hemangioma, intralesional hemorrhage, and well- 
differentiated lipoblastic liposarcoma, which are bright on T1- 
weighted sequences. All of these lesions contain fat or blood 
[28]. Some lipomas may have multiple, thin, low-signal septa, 
which do not influence the overall signal intensity of the mass. 
We have found no liposarcomas with this appearance (Fig. 
6), although this and other features producing inhomogeneity 
may Cause concern for a low-grade liposarcoma [29]. Lipo- 
blastic liposarcomas also may have a short T1 because of 
the presence of mature fat [28]. The most common variety of 
liposarcoma, however, is myxoid liposarcoma; because this 
tumor contains little fat, like most other soft-tissue sarcomas 
it has a low signal on T1-weighted pulsing sequences. This 
tumor, however, may be diagnosed on the basis of detecting 
linear or clumplike foci of fat within the substance of the mass 
(Fig. 7) [30, 31]. 

The MR appearance of hematomas is variable and depends 
on the age of the hematoma. Many subacute lesions have 
bright signal on T1-weighted images. Hemorrhage may occur 
in some soft-tissue lesions, especially sarcomas, and, when 


extensive, the tumor may be mistaken for hematoma (Fig. 8). 
The presence of a nodule or rim of tumor and correlation with 
the clinical findings help to distinguish a simple hematoma 
from a hemorrhagic neoplasm in most cases (Fig. 8). 

Hemangiomas may have a high signal on T1-weighted MR 
sequences, but this varies [28, 32, 33]. The combination of 
markedly increased signal on T2-weighted images with fi- 
brous fatty septa on T1-weighted images permitted an accu- 
rate diagnosis in eight of 10 cases in one study [14]. Hyper- 
intensity relative to skeletal muscle also may be seen in 
abscesses; it is surmised this is because of a combination of 
proteinaceous fluid and hemorrhage. The only tumors, in our 
experience, to produce a high signal on T1-weighted images 
have been lipomas and lipoblastic liposarcomas. The former 
have a homogeneous signal intensity, whereas the latter may 
be heterogeneous, showing low-signal tumor foci within a 
mostly high-signal mass. 

Some soft-tissue masses have little or no signal on T2- 
weighted sequences. This may be the result of low proton 
density, as seen in some fibrous lesions, scar tissue, densely 
mineralized masses, air, and foreign bodies. The most fre- 
quent tumor to have a short T2 is aggressive fibromatosis. 
Acellularity and large amounts of collagen are two factors 
responsible for the short T2 of soft-tissue tumors [34]. Short 
T2 is not limited to benign lesions and has been reported also 
for malignant fibrous histiocytoma [34] and malignant schwan- 
noma [14]. Low signal on T2-weighted sequences also may 
be related to the presence of blood products, as seen in acute 
hemorrhage (high field) and in hemosiderin-laden masses. 
Pigmented villonodular synovitis has foci of decreased or 
absent signal on T2-weighted sequences [14, 35-37]. Giant- 
cell tumors of tendon sheaths have similar signal-intensity 
features because they are similar tumors with different loca- 
tions [38]. Aneurysms and vascular malformations also may 
have regions of low signal because of flow void. We are not 
aware of any tumor type that is diffusely hypointense in every 
instance on T2-weighted pulsing sequences. It is the variabil- 
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ity of the histologic composition that determines T2 shortening 
[34]. 

Lipomas, aggressive fibromatosis, nerve-sheath tumors, 
and metastases may present as multiple tumor masses. Five 
percent of lipomas are multiple, and the diagnosis is made 
confidently on the basis of signal intensity. However, for 
multiple tumors that have long T1 and long T2, the possibility 
of aggressive fibromatosis or a nerve-sheath tumor should be 
considered. Until the advent of MR imaging, multiple tumors 
of aggressive fibromatosis had not been shown preoperatively 
[39]. The entire limb should be imaged, as a part of tumor 
staging, especially if features suggest aggressive fibromatosis 
(Fig. 9). In our series of 48 cases, seven tumors were multiple 
on MR imaging. 


Value of MR Imaging in Distinguishing Benign from 
Malignant Tumors 


Criteria used to distinguish benign from malignant soft- 
tissue tumors include signal intensity, tumor margin, signal 
homogeneity, neurovascular invasion, signal changes in ad- 
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Fig. 8.—Malignant fibrous histiocytoma of 
thigh with subacute hemorrhage. 

A, T1-weighted MR image shows high-signal 
mass with low-signal rim in adductor group of 
muscles. 

B, T2-weighted MR image shows lesion re- 
mains bright, indicative of nonacute hemorrhage. 
However, rim of tissue (long T1 and T2) superi- 
orly and medially is indicative of neoplasm. 


Fig. 9.—Discrete synchronous tumors of ag- 
gressive fibromatosis in proximal and distal 
thigh. 

A, T1-weighted coronal MR image shows lin- 
ear tumor in right tensor fascia lata (arrows). 

B, T1-weighted sagittal MR image shows sec- 
ond tumor mass (arrows) in distal thigh and 
extending into popliteal fossa. 


jacent soft tissue, growth rate, size and location, extension 
beyond one compartment, and bone destruction. No single 
criterion is reliable [14]. However, when the criteria are con- 
sidered together and correlated with the clinical findings, 
distinction is often possible. On the basis of a small series of 
patients with tumors of the hand and wrist, it was reported 
that the distinction between benign and malignant lesions 
often could be made from MR findings [38]. The MR imaging 
findings must always be correlated with clinical and other 
imaging information. Gadopentetate dimeglumine—enhanced 
MR images and *'P MR spectroscopy may increase the value 
of MR in this regard [19, 40]. 

Early reports expressed uncertainty about the reliability of 
MR imaging to show bone invasion. Improved spatial resolu- 
tion and accrued experience permit confident assessment of 
cortical bone and intramedullary invasion in most instances, 
although this occurrence is rare [12]. In our collective series, 
it occurred in less than 3% of cases and was rarely helpful in 
distinguishing benign from malignant soft-tissue tumors. Bone 
involvement may be seen with benign masses (Fig. 10). To 
diagnose bone invasion by a soft-tissue mass, the combina- 
tion of plain film and MR imaging is adequate. 
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Fig. 10.—Large synovial chondromatosis. 
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A, Radiograph shows large calcified soft-tissue mass without apparent osseous abnormality. 
B, T1-weighted axial MR image shows scalloping of posterior femoral cortex. 
C, T2-weighted sagittal MR image shows multilobular tumor occupying knee joint. Calcification is seen as low-signal foci within tumor. 


MR Imaging Examination After Chemotherapy or 
Radiotherapy 


MR imaging has been used to evaluate bone and soft- 
tissue sarcomas after chemotherapy and radiation therapy 
[41-45]. Tumor volume, development of pseudocapsules, 
and progression or regression of local disease can be esti- 
mated accurately [41-45]. The extent of tumor necrosis and 
the presence of viable tumor, two critical elements in deter- 
mining tumor response and prognosis, have been more diffi- 
cult to determine on a consistent basis [41-45]. However, 
decreasing tumor volume and signal intensity or the devel- 
opment of a short T2 after treatment appears to reflect a 
good treatment response measured by pathologic criteria [41, 
45]. 
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Broadband Ultrasound 
Attenuation: A New Diagnostic Method 
in Osteoporosis 





Broadband ultrasound attenuation (BUA) measurements of the calcaneus, single- 
photon absorptiometry (SPA) of the nondominant dista! forearm, and quantitative CT 
(QCT) of the lumbar spine were performed in 37 women with osteoporotic vertebral 
fractures and 23 female contro! subjects of similar age distribution to assess the 
usefulness of sonography in detecting axial osteopenia. In the women with osteoporotic 
vertebral fractures, ail three measuring methods showed significantly reduced values 
(SPA: p < .05; QCT: p < .0001; BUA: p < .05) compared with those in the contro! subjects. 
In addition, for all subjects, a significant positive correlation was found between BUA 
and QCT (7 = 0.25, p < .005) and between SPA and QCT (7 = 0.34, p < .0007). 

These results suggest that BUA, a simple method that is radiation-free, is a valuable 
tool in the management of osteoporosis. 
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In recent years, various techniques of quantitative assessment of the skeleton 
have been developed for early detection of accelerated postmenopausal bone loss 
and acute monitoring of its progression and response to therapy. [1, 2]. Bone mass 
has been shown to be a predictor of fracture risk [3]. The frequency of hip and 
vertebral fractures [4, 5] increases as bone mass decreases. Radiography [6] and 
photon absorptiometry [7], primarily measuring cortical bone of the peripheral 
skeleton, were the first methods to be developed. Recently, methods have become 
available for quantifying bone mineral content at various sites of the skeleton, 
especially in the spine, the site of early osteoporosis. Whereas dual-photon ab- 
sorptiometry (DPA) measures an integral of compact and trabecular bone [8, 9], 
quantitative CT measures purely trabecular bone of the vertebral spongiosa 
[10-12]. 

As the strength of bone in the human skeleton is determined not only by bone 
mass or density but also by its structure [13, 14], broadband ultrasound attenuation 
(BUA), although controversial, may allow qualitative assessment. Ultrasonic waves 
spread simultaneously through bony tissues at different velocities, showing different 
attenuations. The greater attenuation and lower velocity of sound in trabecular 
bone might be due to increased refraction of sound waves at the borders between 
the trabecular network and incorporated marrow [15]. BUA, offering unique radia- 
tion-free measurements of bone quality, has recently been reported to differentiate 
patients with fractured hips from persons without fractures [16] and to indicate 
decreased axial bone mass [17]. To assess the usefulness of BUA for measuring 
bone mass, we compared BUA measurements in the calcaneus, single-photon 
absorptiometry (SPA) of the peripheral forearm, and quantitative CT (QCT) of the 
lumbar spine in women who had osteoporotic spinal fractures with measurements 
from normal women of similar age distribution. 


Materiais and Methods 


We measured bone mass in 37 women (mean age, 65 + 1 years) with one or more 
atraumatic vertebral fractures. Values were compared with those of 23 healthy women (mean 
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age, 63 + 2 years). None of the patients had received estrogen, 
sodium fluoride, vitamin D, calcitonin, or diphosphonate therapy. 
None of them suffered from any other metabolic bone disease or had 
used any medication known to cause osteopenia. The patients were 
consecutive cases of osteoporosis referred to our outpatient depart- 
ment. The control subjects were either healthy persons recruited from 
the laboratory and medical staff or healthy asymptomatic persons 
who had been referred for osteoporosis screening and in whom 
osteoporosis was ruled out. 

Lateral radiographs of the spine were obtained. Peripheral bone 
mineral content (BMC) was measured by single-photon absorptiom- 
etry (SPA) with '*l (Novo-Osteodensitometer GT35, Bagsvaerd, Den- 
mark) and calculated as the mean of six scans of the distal part of 
the nondominant forearm. Measurements were made at an automat- 
ically located site defined as the point where the distance between 
radius and ulna has increased to 8 mm. BMC is expressed in arbitrary 
units, that is, mass of bone mineral per unit length of bone. Precision 
was established by repeated measurements of an aluminum standard 
every week. The coefficient of variation was 0.8% for consecutive 
tests during the same session and 1.2% during 1 year. The repro- 
ducibility of the method is 1.5%, determined by repeated measure- 
ments of the same normal subject. 

Bone mineral density of the lumbar spine was measured by quan- 
titative CT (QCT) with the single energy technique (120 kV) on a 
Toshiba TCT 400 (Tochigi-Ken, Japan) and a CIRS Lumbar Reference 
Simulator (Norfolk, VA). Volumes of 4 cm? of purely trabecular bone 
measured at the midplane of the vertebral bodies from L2 to L5 were 
quantified and averaged. Using a lateral scout view of the lumbar 
spine and cursor-determined coordinates, we identified midpianes of 
four vertebrae and imaged a single 1-cm-thick section at each level. 
Crushed vertebrae were excluded. 

Analysis was performed by using a rectangle for the region of 
interest, the size of the rectangle amounting to about 4 cm’. Bone 
density was expressed in milligrams per milliliter of calcium hydroxy- 
apatite. The phantom is surrounded by two fat-equivalent rings, which 
can be fitted around it for simulating medium and large patients, and 
consists of reference vertebral inserts containing calcium hydroxy- 
apatite. 

BUA of the calcaneus was measured as a function of frequency, 
following the method used by Baran et al. [17]. An emitting transducer 
was positioned on one side and a receiving transducer on the other 
side of the heel, which was immersed in a water tank with a Bone 
Ultrasound Analyser (Walker Sonix, Worcester, MA). We placed 
plastic shims underneath and behind the heel so that the BUA 
measurement wouid be limited to the posterior part of the caicaneus. 
The transducers, each 2.54 cm in diameter, were unfocused. To 
generate baseline values for attenuation at different frequencies, we 
collected 25 measurements at frequencies ranging from 0.2 to 0.6 
MHz without the heel in the tank. After positioning the heel between 
the transducers, we repeated the same measurements. By dividing 
these measurements by the reference measurements (to correct for 
the frequency response of the receiving transducer), we were able to 
calculate the net attentuation at each frequency. As we expected, 
the calcaneus functioned as a frequency-selective filter for the ultra- 
sonic waves. The lower frequencies were not attenuated as readily 
as the higher frequencies were. Linear regression analysis was used 
to compute the slope of this curve (in dB/MHz). By taking repeated 
measurements at least 3 days apart on one person, we determined 
the coefficient of variation to be 4.6%. 

A “normal range” was determined for each measuring technique 
by calculating the 5% and 95% percentile of the respective values 
obtained in the control subjects. The Kruskal Wallis test and the 
Kendall-; correlation coefficient were used for statistical evaluation. 
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The data in the text and the figures are given as the mean plus or 
minus the standard error of the mean. 


Results 


In the group of women with osteoporotic vertebral frac- 
tures, all three measuring methods showed significantly re- 
duced values compared with those of the control subjects. 

BMC of the patients with vertebral fractures of the distal 
nondominant forearm (25.6 + 0.8 units), measured by SPA, 
was Significantly lower (p < .03) than BMC of the control 
subjects (31.1 + 2 units, Fig. 1). Vertebral bone density 
measured by QCT in the osteoporotic patients (74.6 + 4 mg/ 
ml) was also significantly lower (p < .0001) than that in healthy 
women (106.7 + 5.8 mg/ml, Fig. 2). Women with osteoporotic 
spine fractures (54.5 + 2.2 dB/MHz) had significantly lower 
(p < .04) BUA values than did healthy women (62.6 + 2.9 
db/MHz, Fig. 3). 

When the patients and control subjects are combined, an 
additional significant positive correlation was found between 
BUA and QCT (7 = 0.25, p < .005) and between SPA and 
QCT (7 = 0.34, p < .0001). Conversely, no significant corre- 
lation was found between BUA and SPA (r = 0.14, n.s.). 

The normal range (5%-95% percentile) for BUA was 41.0- 
83.7 db/MHz, for SPA was 19.4—54.9 units, and for QCT was 
60.5-162.5 mg/ml. Five patients with osteoporosis (14%) had 
BUA values below the normal range. Two patients (5%) 
showed SPA values below the normal range, and 10 patients 
(27%) had QCT values below the normal range. 


Discussion 


in women with osteoporotic vertebral fractures, all three 
measuring methods showed significantly reduced values. 
BUA values of the calcaneus in patients with osteoporotic 
vertebral fractures showed a decrease of 13% when com- 
pared with female control subjects of similar age distribution. 
Vertebral bone density (measured by QCT) was decreased 
by 30% in the osteoporotic group, and peripheral BMC on 
the distal forearm (measured by SPA) was reduced by 18%. 

The os calcis, although not a common fracture site in 
osteoporosis, is composed almost entirely of cancellous bone, 
with more than 90% of trabecular bone by volume [18]. Owing 
to its high surface to volume ratio, trabecular bone has a 
presumed turnover rate of about eight times that of compact 
bone and is highly responsive to metabolic stimuli [19]. Be- 
cause of high bone turnover, cancellous bone is an ideal site 
for the detection of early bone loss and monitoring of response 
to various therapies. Consequently, in the last few years, 
studies have been published suggesting that density meas- 
urements of the os caicis determined by photon absorptiom- 
etry or Compton scattering correlate with the degree of axial 
osteopenia [20-24]. As the quality of bone tissue in the human 
skeleton is determined not only by bone mass but also by 
structure, osteoporosis is characterized by a process remov- 
ing entire trabeculae, leaving ones that remain more widely 


AJR:155, October 1990 


SONOGRAPHY OF OSTEOPOROSIS 827 


mg Ca-Hydroxyapatite /ml 


BMC Units 





OP CO OP 


Fig. 1.—Bone mineral content (BMC) of distal 
nondominant forearm measured by single-photon 
absorptiometry in patients with osteoporosis (OP) 
and control subjects (CO). 


separated but only slightly reduced in thickness, as reported 
by Parfitt et al. [25]. Sonographic measurements also may 
give an indication of bone structure, because ultrasonic waves 
spread through bone tissue at different velocities, showing 
different attenuations [26]. This finding is all the more remark- 
able because interest has been growing in the use of simple 
noninvasive techniques for assessing skeletal status to esti- 
mate risk of fracture and efficacy of therapy in postmenopaus- 
al and older women and to distinguish normal from osteopo- 
rotic populations. 

Our findings are in accordance with the data obtained by 
Baran et al. [17], who found decreased BUA values in a 
heterogeneous group of patients with either osteoporotic 
fractures or osteopenia on routine radiographs. In a subgroup 
of patients with hip fractures, Baran et al. described markedly 
reduced BUA values. However, these findings may be influ- 
enced by prolonged immobilization. Confirming previous ob- 
servations that bone mass is reduced in patients with verte- 
bral compression fractures, we found a significant decrease 
in BMC in the distal forearm [27-29] and significantly de- 
creased lumbar density by using QCT [12, 27, 30, 31]. Various 
authors have reported different correlations between QCT 
and SPA [31-33]. We found a significant correlation between 
SPA and QCT measurements in the whole group consisting 
exclusively of postmenopausal women. Correlations between 
BUA results and QCT measurements of the calcaneus have 





Fig. 2.—Quantitative CT measurements of 
lumbar spine in patients with osteoporosis 
(OP) and control subjects (CO). 
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Fig. 3.—Broadband ultrasound attenuation val- 
ues of os calcar in patients with osteoporosis (OP) 
and control subjects (CO). 


been reported by McKelvie et al. [34] for in vitro studies. 
Several authors [17, 34] report significant correlations be- 
tween BUA values for the os calcis in vivo and bone mass in 
the lumbar spine and proximal femur with low-dose radiation 
techniques. As the positive correlation between BUA values 
of the calcaneus and lumbar density measured by QCT was 
rather weak, these data do not necessarily substantiate the 
assumption that BUA of the os calcis indicates the amount of 
trabecular bone in the spine. 

We attempted to compare the sensitivity of the three meth- 
ods used in our study and found that BUA showed better 
sensitivity than SPA. QCT appeared to be the best method 
for differentiating between patients with osteoporosis and 
healthy subjects. The sensitivity quoted here for BUA is 
considerably lower than published sensitivities for QCT and 
SPA. However, the normal range was obtained from a rela- 
tively small group of control subjects. Usually, the normal 
ranges for clinical application are derived from considerably 
larger groups of normal subjects. Despite its relatively low 
sensitivity, BUA can be used in follow-up measurements to 
monitor progression of osteopenia and response to therapy. 

We do not believe that BUA is ready for general clinical 
application. However, our data clearly indicate that BUA 
measurement of bone mass should be explored further. In 
the future, BUA may prove to be valuable technique in the 
management of osteoporosis. 
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MR Arthrography of the Shoulder: 


Comparison with Conventional MR Imaging 





Twenty-three patients underwent both conventional MR imaging of the shoulder and 
MR shoulder arthrography for clinically suspected labral or rotator cuff abnormalities. 
Images obtained before and after contrast administration were studied independently, 
and without knowledge of clinical findings, by two radiologists for the presence of 
abnormalities of the glenoid labrum or rotator cuff. Results were correlated with surgical 
findings in all patients. Nine patients had surgically proved labral tears. MR arthrography 
detected all nine labrai abnormalities, while six of the nine were missed on conventional 
MR imaging. Fourteen patients had surgically proved rotator cuff tears. MR arthrography 
detected 11 of the 14 tears and missed three partial tears on the bursali surface. 
Conventional MR imaging detected nine cuff tears and missed five tears; two of these 
were complete rotator cuff tears and three were partial tears of the undersurface of the 
rotator cuff. 

Our results suggest that MR arthrography enhances the accuracy of MR in the 
evaluation of the glenoid labrum and rotator cuff tendon. 
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Conventional MR imaging of the shoulder is becoming increasingly popular as a 
screening examination for detection of rotator cuff, labral, and capsular abnormal- 
ities. Our experience and that of others (Chandnani VP et al., presented at the 
annual meeting of the Radiological Society of North America, November 1989), 
however, have demonstrated its limitations. Intraarticular structures of the shoulder 
joint are not well depicted when insufficient fluid is present to outline their contour. 
This study was undertaken to determine the value of MR arthrography of the 
shoulder in comparison with that of conventional MR imaging. 


Subjects and Methods 


institutional approval was obtained from the investigational review board at Valley Pres- 
byterian Hospital, Van Nuys, CA. Informed consent was obtained from each patient. 

Twenty-three patients referred for evaluation of shoulder pain underwent MA arthrography. 
The average age was 45 years (range, 16-68); there were 18 men and five women. 

Imaging was performed with a General Electric 1.5-T Signa MR imager with dual 5-in. 
(12.7-cm) surface-coil placement in a Helmholtz configuration. Unenhanced scans were 
obtained in all patients in three planes orthogonal to the glenohumeral joint. A spin-echo pulse 
sequence, 2000/20,80 (TR/TE), was used to obtain slices 4.0 mm thick at 1.0-mm intervals 
with a 16-cm field of view. After the unenhanced scan was obtained, each patient was 
escorted to the fluoroscopy suite where the shoulder was prepared for injection. After 
administration of lidocaine into the skin overlying the glenohumeral joint, a 22-gauge spinal 
needie was advanced into the joint space. 

A test injection of Hypaque (Winthrop Pharmaceuticals, New York, NY} was used to verity 
an intraarticular position of the needle. Twelve to twenty milliliters of a saline/gadopentetate 
dimeglumine mixture was injected into the joint, depending on the joint capacity of each 
patient. The gadopentetate dimeglumine/saline mixture comprised 1.0 mi of gadopentetate 
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dimeglumine mixed with 250 ml of saline. The joint was then exercised 
and the patient was escorted back to the MR suite where an 
enhanced T1-weighted scan was obtained. The enhanced image was 
obtained in three comparable orthogonal planes with a T1-weighted 
spin-echo pulse sequence (500/25), slices 4.0-mm-thick, 1.0-mm 
interval, and 16-cm field of view. The total examination time, including 
the unenhanced examination, injection, and postinjection study, was 
90 min per patient. 

All 23 patients underwent surgery, which included arthroscopic 
evaluation of the cuff and labrum followed by an arthroscopic sub- 
acromial decompressive procedure in those patients with cuff tears. 
Labral tears were identified at surgery in nine patients. Rotator cuff 
tears were identified at surgery in 14 patients. Nine of the rotator cuff 
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tears were complete full-thickness tears. Five of the rotator cuff tears 
were described as being partial cuff tears. Of these five tears, three 
were partial tears of the bursal surface of the rotator cuff and two 
were partial tears of the undersurface. In two patients, loose joint 
bodies were detected at surgery also. One patient had a partial tear 
of the biceps tendon in addition to a rotator cuff tear. 

Unenhanced and enhanced images were interpreted independently 
by two experienced osteoradiologists without benefit of clinical data. 
Images were prospectively evaluated independently for abnormalities 
of the rotator cuff, labrum, and capsular anatomy by using standard 
criteria established in recent literature [1-5]. Both observers agreed 
with the interpretation criteria before evaluating the images, and there 
was 100% correlation between observer opinions. 





A i ~ 


Fig. 1.—Normal axial anatomy of glenoid labrum in a 28-year-old patient. 
A, Unenhanced axial MR image, 2000/80, through mid glenoid level shows poor visualization of 


labral and ligament morphology due to lack of joint fluid. 


B, Enhanced axial MR image at same level clearly shows contour of anterior labrum (black arrow) 
and middle glenohumeral ligament (white arrow) outlined by intraarticular gadopentetate dimeglu- 


mine. 





A 


Fig. 3.—Labral abnormality detected on enhanced images only. 





Fig. 2.—Normal coronal enhanced MR image of 
anatomy of rotator cuff in a 32-year-old patient. 
Image shows gadopentetate dimeglumine within 
joint outlining undersurface of normal rotator cuff 
(arrow). 





C 


A, Unenhanced axial MR image, 2000/80, in a 55-year-old man with a history of recurrent dislocations. 
B, Enhanced axial MR image through same level shows a Bankhart lesion of labrum with glenoid fracture (arrow). 
C, Enhanced axial image in a 36-year-old man with multidirectional instability reveals a loose body (white arrow) posteriorly and a labral tear anteriorly 


(black arrow). Both lesions were undetected on unenhanced scans. 
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Results 


No complications were associated with injection of the 
gadopentetate dimeglumine/saline mixture. Visualization of 
intraarticular surface anatomy was improved markedly after 
intraarticular administration of the mixture in all patients (Figs. 
1-5). 

Axial T1-weighted sections through the glenoid fossa after 
injection revealed maximal contrast between labral cartilage 
and the injected gadopentetate dimeglumine/saline mixture. 
Abnormal labral findings included blunting, discontinuity, or 
displacement of any part of the labral lip (Fig. 3). 

Oblique T1-weighted coronal sections through the rotator 
cuff after injection showed contrast material outlining the 
undersurface of the rotator cuff and superior surface of the 
articular cartilage of the humeral head (Fig. 2). Complete tears 
were identified by discontinuity of the tendon, often associ- 
ated with contrast material within the subacromial bursa. 
Partial tears of the undersurface were identified by irregularity 
of the undersurface of the cuff without actual discontinuity of 
the cuff tendon or contrast material within the subacromial 
bursa. 


Fig. 4.—Rotator cuff tear detected only on en- 
hanced MR image in a 48-year-old woman with 
shoulder pain. 

A, Unenhanced coronal MR image, 2000/80, 
through rotator cuff shows no obvious disruption 
of cuff tendon. 

B, Enhanced coronal MR image through same 
level shows a full-thickness tear (arrow) of anterior 
leading edge of supraspinatus tendon. 


Fig. 5.—Recurrent rotator cuff tear detected 
only on enhanced MR image in a 55-year-old man 
with shoulder pain. 

A, Unenhanced coronal image, 2000/80, 
through a repaired rotator cuff shows no signifi- 
cant abnormality within cuff. 

B, Enhanced coronal image shows fluid within 
cuff (arrow) indicative of a retorn supraspinatus 
tendon. 
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All nine of the labral abnormalities detected at surgery were 
diagnosed with MR arthrography. Six of these tears were 
missed with conventional MR imaging. In these patients there 
was not enough native joint fluid to allow definition of the 
cartilage morphology. Loose joint bodies in two patients and 
a partial biceps tendon tear in another were detected with 
MR arthrography and not detected with conventional MR 
imaging. 

Fourteen patients had surgically proved rotator cuff tears. 
Eleven of these tears were detected with MR arthrography: 
nine of these tears were complete. No complete tears were 
missed; however, three partial tears of the bursa! surface of 
the rotator cuff were missed because contrast material did 
not leak into the tear (Fig. 6). 

Nine of the 14 cuff tears were diagnosed with conventional 
MR imaging. Seven complete tears were diagnosed, and two 
were missed because no native joint fluid filled the tear and 
subacromial bursa. Three partial cuff tears that involved the 
undersurface of the rotator cuff were missed because no 
native joint fluid filled the tear. Of the nine rotator cuff tears 
diagnosed with conventional MR, all were believed to be 
delineated better with MR arthrography, which allowed as- 
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sessment of the condition of the tendon ends and the actual 
size of the tear (Fig. 7). 


Discussion 


Evaluation of the labrum and undersurface of the rotator 
cuff is often limited with conventional MR imaging. This study 
compared conventional MR imaging with MR arthrography. 
We believe the accuracy of diagnoses can be improved with 
the addition of an intraarticular injection. 

Hajek et al. [6] first injected a gadopentetate dimeglumine/ 
saline mixture into cadaver shoulder joints, resulting in superb 
delineation of anatomic structures on postinjection T1- 
weighted images. Subsequently, Hajek et al. studied the 
effect of gadopentetate dimeglumine on the synovial lining of 
joints in animals and found no toxic effects (Hajek PC et al., 
unpublished data). 

With this knowledge, we were comfortable injecting the 
gadopentetate dimeglumine/saline mixture into the shoulder 
joints of symptomatic patients in order to obtain postinjection 
MR images. Inflation of the joint with contrast material per- 
mitted the labrum, the undersurface of the rotator cuff, and 
the intracapsular structures to be outlined by the bright signal 
of gadopentetate dimeglumine on T1-weighted images. The 
enhanced T1-weighted images are obtained quickly with a 
short TR, and thus are less sensitive to motion artifacts. 
Although intraarticular saline followed by T2-weighted imaging 
would result in comparable contrast, the increased imaging 
time would degrade the image. Disadvantages of MR arthrog- 
raphy include the necessity for fluoroscopy, which may not 
be available at some MR facilities; the longer examination 
time; and the conversion of the examination from a noninva- 
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Fig. 6.—Partial tear of rotator cuff undetected 
on enhanced MR images in a 36-year-old man. 
Unenhanced coronal MR image, 2000/80, shows 
fluid in subacromial bursa (arrow) associated with 
surgically proved partial tear of bursal side of 
rotator cuff. Enhanced coronal view (not shown) 
failed to reveal any detectable abnormality. 


Fig. 7.—Complete rotator cuff tear better delin- 
eated on enhanced MR image in a 51-year-old man 
with surgically proved cuff tear. Enhanced coronal 
MR image clearly reveals tendon ends (arrows) 
and gap in cuff. Appreciation of condition of ten- 
don ends and size of gap was enhanced after 
intraarticular injection. 


sive to an invasive examination, which patients may find less 
tolerable. 

Our results suggest MR arthrography may improve the 
accuracy for detection of rotator cuff and labral tears. Addi- 
tional specific indications for MR arthrography include the 
evaluation of the undersurface of the rotator cuff and the 
evaluation of the condition of tendon ends or size of gap in a 
complete tear, loose joint bodies, or biceps tendon disease. 

MR arthrography may be an alternative to conventional CT 
arthrography and may be better because of its multiplanar 
capability and delineation of soft-tissue structures. Further 
studies are needed to establish the role of MR arthrography 
in the evaluation of patients with shoulder pain. Readers 
should be aware that intraarticular use of gadopentetate 
dimeglumine has not been approved by the Food and Drug 
Administration. Its use, therefore, must have institutional ap- 
proval and informed consent must be given. 
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Chest Radiographs in the 
Evaluation of the Febrile Infant 





Chest radiographs are often considered an essential part of the workup of the febrile 
infant. Anteroposterior and lateral radiographs of the chest are frequently obtained in 
this group of patients, irrespective of respiratory tract symptoms and/or signs. A total 
of 226 children (<2 years old) with and without signs and symptoms of lower respiratory 
tract infections were examined to assess the yield of chest radiographs. The radiograph 
was considered positive only if a focal parenchymal infiltrate was present. Hyperinflation 
or bronchial thickening was not included as a positive finding because these children 
usually do not receive antibiotics despite the fact that viral illness or reactive airway 
disease may be present. In a retrospective study of 105 infants, confidence intervals for 
yield were established for children with (95% Cl = 12%, 32%) and without (95% Cl = 
0%, 14%) symptoms or signs of lower respiratory tract infection. in a prospective study 
of 121 infants without chest symptoms or signs, confidence levels for positive yield 
were better defined (95% Cl = 0%, 3%). 

The data suggest that obtaining chest radiographs to look for parenchymal infiltrates 
treatable with antibiotics in infants less than 2 years old is necessary only in those 
infants who have clinical evidence of lower respiratory tract iliness. 


AJR 155:833-835, October 1990 


The febrile infant poses a diagnostic dilemma for the pediatrician. Frequently, 
despite a careful history and physical examination, the source of fever cannot be 
found. The chest radiograph is often used to screen such infants for tower 
respiratory tract infection (LRTI). 

Previous studies have addressed the problem of clinically unsuspected LATI 
discovered with chest radiographs, but results have varied widely [1-12]. In a 
series of 330 consecutive children with high fever (temperature >40°C) younger 
than 24 months, McCarthy et al. [1] reported 52 cases of pneumonia, 27 of which 
were not Clinically suspected. Other authors also have reported radiologic evidence 
of pneumonia in young children without clinical signs of pneumonia [4, 7]. However, 
Heulitt et al. [2] have concluded that in febrile infants younger than 3 months, “a 
chest radiograph should be obtained in this group only when signs of respiratory 
distress are present.” Lorin [5] had advocated a similar approach for obtaining 
chest radiographs in the febrile infant older than 3 months. We undertook this 
Study to determine the usefulness of routine chest radiographs in febrile infants 
younger than 24 months without an obvious cause of fever. 


Subjects and Methods 


The total study population was composed of 226 children up to 24 months old who were 
evaluated for fever in the emergency department at Children’s Hospital Medical Center, 
Cincinnati. Fever was defined as a rectal temperature greater than 100°F at presentation. 
Anteroposterior and lateral chest radiographs were obtained on all patients. 


834 PATTERSON ET AL. 


Of the 226 children, 105 (63 boys and 42 giris) were evaluated in 
a retrospective study. Children both with and without symptoms or 
signs of LRTI were included. The children ranged in age from 1 week 
to 22 months, with a mean age of 8.4 months. Criteria for inclusion 
were the following: Radiograph folders were randomly selected from 
the current patient file in the radiology department. Patients were 
entered in the study if chest radiographs were obtained as part of an 
emergency department evaluation for fever between January 1984 
and June 1987 and the patients were younger than 24 months old at 
the time. After review of the clinical record, patients were subse- 
quently excluded if they were being treated for a known acute illness 
or if they had a preexisting condition such as congenital heart disease 
or lung disease of prematurity that might place them at greater than 
normal risk for LRTI. 

The remaining 121 children (56 boys and 65 girls) were evaluated 
in a prospective study between July 1987 and January 1988. Febrile 
children without signs or symptoms of LRTI were studied in an 
attempt to better define confidence intervals for the yield of chest 
radiographs in this clinical setting. Patients’ ages ranged from 1 week 
to 23 months, with a mean age of 5.8 months. Criteria for inclusion 
in this group were as follows: Consecutive patients less than 24 
months old who had chest radiographs as part of an emergency 
department evaluation for fever were identified. After review of the 
clinical record, patients were excluded if not previously healthy or if 
any symptoms or signs of LRT! were found and recorded before 
radiographs were obtained. 

For all children, vital signs and the results of a history and physical 
examination were recorded. All chest radiographs were reviewed by 
three pediatric radiologists. In order to prevent underreading, the 
chest radiographs of 21 age-matched “control subjects" with clinical 
evidence of LRTI were randomly included during review of radio- 
graphs from the prospectively evaluated group of children without 
symptoms or signs of LRTI. Radiographs of three of these children 
(14%) showed air-space disease. The radiologists knew of the pres- 
ence, but not the size, of the control group and were unaware of the 
patients’ history and physical findings. Presence of focal parenchymal 
opacification was considered radiologic evidence of LRTI. Peribron- 
chial thickening and/or air-trapping in the absence of focal opacities 
were not considered evidence of LRTI for the purposes of this study. 

Symptoms of LRTI were considered to be present if coughing, 
wheezing, or dyspnea were noted at the time of emergency depart- 
ment evaluation. Nasal congestion and rhinorrhea were attributed to 
upper respiratory tract infection for the purposes of this study. 

Signs of LRTI were considered to be present if one or more of the 
following were recorded on physical examination: rales, rhonchi, 
wheezing, retractions, grunting, nasal flaring, or focally decreased 
breath sounds. 

Because of the wide range of normal respiratory rates and the 
increase in respiratory rate with fever, tachypnea was not considered 
to be either a symptom or sign of LRTI. Wheezing was considered a 
symptom if reported on the history and a sign if recorded on physical 
examination. 

Exact confidence intervais from the binomial distribution were 
calculated for both retrospective and prospective study groups. 


Results 
Retrospective Study 


Two groups were categorized according to whether or not 
symptoms or signs of LRTI were present (Table 1). Sixty- 
eight patients had symptoms and/or signs of LRTI. The most 
frequently reported symptom was coughing (n = 55), followed 
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TABLE 1: Yield of Chest Radiographs in Febrile infants 


| ER Ra oh ANE AB AG EGET ST SEE PID I MITT LEI a EET TT RE ET 


Symptoms or Signs ego ep Total 
of LRTI Positive Negative 
Present 14 54 68 
Absent 1 36 37 
Total 15 90 105 


ELTA ET RC EI EE E a a E a N a LES TIENT a II t e E a i a ETD 
Note. LRTI = lower respiratory tract infection. Sensitivity = .93, specificity 
= .40, x? = 4.88, p < .05. 


by wheezing (n = 4) and dyspnea (n = 3). The most frequent 
signs of LRTI were rales/rhonchi {n = 20), wheezing (n = 11), 
and retractions (n = 10). Of the 68 patients with symptoms 
or signs of LRTI, 14 (21%) had evidence of air-space disease 
on radiographs (95% Cl = 12%, 32%). 

Of the remaining 37 patients without symptoms or signs of 
LRTI, one (3%) had evidence on radiographs of air-space 
disease (95% Cl = 0%, 14%). A 21-month-oild boy who had 
adventitious sounds on chest auscultation and focal air-space 
disease on chest radiographs was felt to have “transmitted 
upper airway noise” rather than rales or rhonchi on the 
pediatrician’s recorded physical examination. As such, he was 
assigned to the group with no symptoms or signs of LRTI. 


Prospective Study 


By design, all patients in this study were free of symptoms 
and signs of LRTI. None of the 121 patients (0%) had radio- 
graphs showing air-space disease (95% CI = 0%, 3%). 


Discussion 


in infants, the presence of fever without localizing signs 
has always been a significant concern. The clinician's fear of 
missing an occult infectious process often prompts an expe- 
ditious and sometimes costly evaluation. Although certain 
baseline data may be necessary, one must be able to assess 
the cost/benefit and risk/benefit ratios of each test. In the 
case of radiologic evaluation, the cost and risk of radiation 
exposure (albeit small) must be weighed against the diagnos- 
tic information provided. 

In our retrospective study, we evaluated the positive yield 
from chest radiographs in two groups of febrile children: those 
with clinical signs and symptoms of LRTI and those with no 
respiratory tract symptoms. The prevalence of positive find- 
ings on chest radiographs in the group of children with signs 
and/or symptoms of LRT! was 21%. This value is obviously 
affected by the clinical criteria applied by the examining 
pediatrician in deciding whether or not to obtain a chest 
radiograph. It is common practice among some pediatricians 
at our institution to treat a child for LRTI on the basis of the 
presenting symptoms and physical findings alone. If chest 
radiographs were obtained of ail of these children, one would 
assume that some would be positive and some negative. 

Of greater interest to us was the yield of chest radiographs 
in the subset of children without symptoms or signs of LRTI. 
in the retrospective study, the confidence interval for positive 
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yield was 0-14%. By evaluating a larger group of similar 
children in our prospective study, we were able to narrow the 
confidence interval for positive yield to 0-3%. Although the 
Same age and fever criteria were applied to both retrospective 
and prospective study groups, the mean age of the infants in 
the retrospective study was higher (8.4 months vs 5.8 
months). This may represent an evolution in criteria used by 
pediatric house officers for obtaining a chest radiograph in 
infants without an obvious source of fever. As patients in the 
retrospective study were evaluated from 1984 to 1987 and 
patients in the prospective study from June 1987 to January 
1988, the age discrepancy between the groups could be 
explained if progressively more restrictive criteria were used 
on children over the age of, for example, 3 months. As a 
result of this selection bias, relatively fewer older infants would 
be included in the more recent group (prospective study 
group), thus lowering the mean age. An informal survey 
involving pediatric house officers lends support to this trend. 
Similarly to the study by Heulitt et al. [2], we chose focal 
parenchymal opacification as the criterion for a “positive” 
chest radiograph. This finding was chosen because focal 
opacification prompts the pediatricians at our institution to 
start antibiotic therapy in the appropriate clinical setting. 
Hyperinflation and/or peribronchial thickening is usually re- 
garded by our clinicians as evidence for viral or reactive 
airways disease, which may not require antibiotic therapy. 
Heulitt et al. used only physical signs in categorizing pa- 
tients. By comparison, we chose to categorize patients in our 
retrospective study according to presence or absence of 
symptoms or signs of LRTI. In our study, symptoms of LRTI, 
rather than signs, were a more sensitive predictor of air-space 
disease appearing on radiographs (symptom sensitivity = .87, 
sign sensitivity = .47). The combination of symptoms and 
signs of LRTI was fairly specific for radiologic airspace disease 
(specificity = .83) but not very sensitive (sensitivity = .40). 
The central issue is whether omission of the chest radio- 
graph in the febrile infant (without clinical evidence of LRTI) 
will subject the child to substantial risk. As a result of our 
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prospective study of children without symptoms or signs of 
LRTI, we have established a 95% confidence interval of 0- 
3% for positive yield of chest radiographs in this group. The 
data suggest that chest radiographs are necessary only in 
those infants younger than 2 years old who have clinical 
evidence of lower respiratory tract illness. 
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Performing Dynamic Sonography of the Infant Hip 


H. Theodore Harcke’' and Leslie E. Grissom 


Real-time sonography is gaining wide acceptance as the 
method of choice for imaging the infant hip. The dynamic tech- 
nique of hip sonography incorporates motion and stress maneu- 
vers that are based on accepted clinical examination techniques. 
The multiview dynamic assessment emphasizes hip position and 
Stability, but includes assessment of acetabular development. It 
has been found to be effective in the initial detection of infant hip 
abnormalities and in monitoring treatment. 


The use of real-time sonography to assess congenital dis- 
location and/or dysplasia of the hip (CDH) in infants is gaining 
wide acceptance. Sonography offers several advantages over 
other imaging techniques, particularly in the first 6 months of 
life. The ability to see the femoral head and acetabulum when 
they are composed of cartilage is a clear advantage over 
conventional radiographs. The multiplanar evaluation that so- 
nography permits makes it possible to assess the hip in three 
dimensions. The ability to observe changes in hip position 
with movement makes dynamic assessment easy to perform. 
One can obtain information that in the past required contrast 
arthrography. These advantages and the reduced radiation 
exposure have resulted in rapid acceptance of this technique. 

The first use of hip sonography was as a morphologic 
examination. Graf, an Austrian orthopedic surgeon, began 
work with an articulated-arm scanner; because of the re- 
stricted movement of this equipment, his technique of evalu- 
ation was based on a coronal image of the hip obtained from 
the lateral approach with the femur in anatomic position. His 
method emphasized angular measurements of acetabular 
landmarks, in addition to assessment of hip position [1]. As 
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real-time equipment became available, Graf switched to a 
linear-array transducer, but continued his basic approach of 
classifying hip disease according to acetabular measurements 
[2]. 

Sonographers such as Novick et al. [3] and Harcke et al. 
[4], who began their assessment of infant hips with real-time 
transducers, were willing to experiment with different ap- 
proaches. As experience developed, we emphasized a dy- 
namic approach that assessed the hip in several positions. 
The evolution of this technique paralleled the following clinical 
maneuvers used in the physical examination of the hip. The 
Barlow test determines if a hip can be dislocated. The hip is 
flexed and the thigh brought into an adducted position. A 
gentle push posteriorly can demonstrate instability by causing 
the femoral head to move out of the acetabulum [5]. The 
Ortolani test is the reverse. As the flexed hip is abducted, the 
examiner “feels” a dislocated hip returning to the acetabulum 
[6]. The Barlow and Ortolani maneuvers have become the 
basis for the clinical classification of hip abnormality. In de- 
veloping our technique, we compared the sensitivity and 
specificity of sonography with these clinical standards and 
radiographs [7]. Our experience led us to emphasize position 
and stability of the femoral head as opposed to acetabular 
development. 

Although two basic philosophies regarding examination 
technique have evolved, it should be recognized that the two 
methods, in fact, have common features. Graf has incorpo- 
rated a limited dynamic assessment of the hip in addition to 
the angular measurements [2]. Our dynamic technique, al- 
though stressing positional relationships and stability, in- 
cludes a limited assessment of critical acetabular landmarks. 
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Both approaches recognize the need for learning critical land- 
marks of the femur and acetabulum. 

In this review, we will discuss the dynamic technique and 
comment on its use in examining the infant hip in both 
diagnostic and management situations. 


Anatomy and Examination Technique 


At birth, a neonate’s femoral head and neck and much of 
the acetabulum are composed of cartilage. As cartilage is 
hypoechoic relative to soft tissue, it is easy to distinguish with 
sonography. With properly adjusted high-frequency trans- 
ducers, some scattered specular echoes can be seen within 
the cartilage. The acetabulum is composed of both bone and 
cartilage. Ossification centers in the ilium, ischium, and pubis 
merge to create the acetabular cup. At birth, the bony com- 
ponents are separated by cartilage that has the Y configura- 
tion within the acetabulum. The cartilaginous acetabular la- 
brum extends outward from the acetabulum to form the cup 
that normally contains the femoral head. Most of the ace- 
tabular cartilage is of an echogenicity similar to that of the 
femoral head. It is often possible to distinguish between the 
hyaline cartilage of the acetabulum and the cartilage of the 
femoral head. Moving the hip creates echoes within the joint, 
probably because of the formation of microbubbies, and the 
joint line is well demonstrated. At the lateral margin of the 
labrum, the hyaline cartilage changes to fibrocartilage, which 
shows increased echogenicity. The echogenic hip capsule, 
composed of fibrous tissues, covers the femoral head lat- 
erally. Superiorly, the gluteus minimus and gluteus medius 
muscles overlie the joint. 

The ossification center in the femoral head is radiologically 
evident between the 2nd and 8th months of life. There is a 
wide normal range for the time of appearance; it is classically 
earlier in girls than in boys. Some asymmetry between the 
left and right hips with respect to the time of appearance and 
size of the center can be normal. With congenital hip prob- 
lems, its appearance and development often are delayed. 
Sonography can show the ossification center several weeks 
before it is visible on radiographs. An initial confluence of the 
blood vessels precedes ossification, and this produces in- 
creased echoes within the cartilage. As ossification begins, 
the calcium is insufficient to produce a visible radiologic 
density; however, the sound waves are readily reflected. We 
have shown that sonography can be used to assess the 
appearance and size of the ossification center [8]. As the 
infant matures, the size of the ossification center precludes 
accurate determination of medial landmarks. We believe that 
sonography of the hip is practical only up to 1 year of age, 
unless there is delayed ossification of the femoral head. 

Sonographic examinations are now performed with real- 
time linear-array transducers. We initially used a sector scan- 
ner with success, and it is possible to use these transducers 
[9]; however, the linear configuration is now preferred. One 
should use the highest-frequency transducer that provides 
adequate penetration of the soft tissues to the depth required. 
For infants up to 3 months of age, the 7.5-MHz transducer is 
successful. A 5.0-MHz transducer is generally required be- 
tween 3 and 7 months of age. With improvements in trans- 
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ducer design, a 5.0-MHz electronically focused transducer is 
suitable for both newborn and older infants. On rare occa- 
sions, we will use a 3.0-MHz transducer to examine a large 
infant or to obtain a larger overview of the pelvis and hip. 

In performing a routine, dynamic examination, we consider 
the hip in three views. In theory, there is some redundancy; 
however, we believe there are inherent advantages in consid- 
ering a multiview evaluation. The response of the hip to stress 
maneuvers can vary depending on the state of relaxation. It 
also is a subjective assessment, and by observing the hip on 
multiple views, the examiner can confirm findings noted in 
one projection on the orthogonal view. 

It is the objective of the dynamic hip assessment to deter- 
mine the following: 

1. The position of the femoral head at rest in the neutral 
position and while flexed with abduction/adduction. We de- 
scribe position as normal, subluxated, or dislocated. It is 
possible that a hip that is subluxated in neutral position will 
seat itself with flexion and abduction. This is, in fact, a principle 
of treatment. 

2. The stability of the hip with motion and stress. The hip 
is evaluated in a manner analogous to the Barlow and Ortolani 
clinical examination. The descriptive terms used in diagnosis 
are normal, lax, dislocatable, reducible, and not reducible. A 
hip that is lax is normally positioned or slightly subluxated at 
rest and shows abnormal movement with stress, but stays 
within the hip joint. A dislocatable hip can be pushed out of 
the hip joint (Barlow positive). The dislocated hip that can be 
reduced (Ortolani positive) is distinguished from the hip that 
is dislocated and cannot be reduced. 

3. The development of the hip components. The depth and 
configuration of the bony and cartilage portions of the acetab- 
ulum are noted. We do not measure the angles, but look at 
the inclination of the bony acetabulum and also consider the 
development of the cartilaginous labrum and its coverage of 
the femoral head. A deformed labrum becomes echogenic 
and may interpose itself between the femoral head and ace- 
tabulum. 

It is our philosophy that the position and stability of the 
femoral head are the key factors in diagnosis and manage- 
ment. When the femoral head is properly positioned and 
stability is achieved, then acetabular development will pro- 
ceed. We are more concerned, therefore, with the dynamic 
results than with hip morphology. 

In dynamic sonography, the examiner moves quickly from 
one position to another. For the sake of understanding, the 
anatomy is considered in three different views. We record 
images in each of these three views for permanent record. 
This standardizes the examination in our institution and pro- 
vides a guideline for the sonographic technologist, who first 
examines the patient. In describing the three views, we use 
a two-word combination that indicates the plane of the trans- 
ducer with respect to the body (transverse or coronal) and 
the position of the hip (neutral or flexed). All scanning is done 
from the lateral or posterolateral aspect of the hip. 

Hip sonography is conducted in the same manner as other 
sonographic examinations. The technologist scans the patient 
initially. The examination is begun with the infant lying supine, 
the feet toward the sonographer. When examining the left 
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hip, the left hand grasps the infant’s left thigh and the trans- 
ducer is held in the right hand (Fig. 1A). When the right hip is 
examined, we recommend that the sonographer hold the 
transducer in the left hand and use the right hand to manip- 
ulate the right leg. Right-handed sonographers will find this 
technique awkward at first, but it is mastered easily. A mini- 
mum of six images of each hip are recorded for new patients 
(transverse neutral, transverse flexion/abduction, transverse 
flexion/adduction, coronal flexion midacetabulum, coronal 
flexion posterior lip at rest, and coronal flexion posterior lip 
with stress). The radiologist then examines the patient, with 
particular attention to the dynamic and stress aspects of the 
Study. Additional images may be recorded as required. At our 
institution, the orientation of the images for right and left hips 
is reversed: views of the right hip show posterior and inferior 
on the left side of the image; views of the left hip show 
anterior and superior on the left side of the image. We adopted 
this format so that right and left hips can be distinguished 
without having to refer to the printed label. 


Transverse Neutral View 


From the lateral aspect of the hip, the transducer is directed 
horizontally into the acetabulum for the transverse neutral 
view (Fig. 1A). The plane of interest is one that passes through 
the femoral head into the acetabulum at the center of the 
triradiate cartilage. This plane can be found by starting the 
examination caudally, over the bony shaft of the femur, and 
moving cranially, until the cartilaginous structures become 
apparent (Fig. 1B). In the normal hip, the anechoic femoral 
head is positioned against the bony acetabulum, over the 
triradiate cartilage. The sonogram has been described to have 
the appearance of a flower. The femoral head represents the 
flower and the echoes from the ischium posteriorly and pubis 
anteriorly form leaves at its base. The stem is formed by 
echoes that pass through the triradiate cartilage (Fig. 1C). 
When an ossific nucleus is present, echoes will appear within 
the femoral head. One must angle the plane of the transducer 
above or below the nucleus in order to identify the triradiate 
cartilage. Acoustic shadowing by the ossification center 
should not be mistaken for the gap of the triradiate cartilage. 

When the hip is malpositioned, the transverse neutral view 
will reveal soft-tissue echoes between the femoral head and 
acetabulum (Fig. 1D). The width and configuration of the gap 
depends on the degree of displacement. With subluxation, 
the femoral head usually moves posteriorly, and in mild cases 
remains in contact with the posterior aspect of the acetabu- 
lum. With more severe subluxation, lateral displacement ac- 
companies the posterior migration. Most dislocations are 
posterior and superior. When the dislocated head is adjacent 
to some portion of the bony ilium, reflected echoes from the 
bone will be apparent medially (Fig. 1E). This is distinguished 
from normal, however, by the inability to find the hypoechoic 
gap of the triradiate cartilage. With some lateral dislocations, 
the femoral head does not rest against bone, and in this 
instance it will be completely surrounded by soft-tissue 
echoes (Fig. 1F). The presence and size of an ossific nucleus 
can be evaluated in this view. 
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Transverse Flexion View 


The examiner can move from the transverse neutral view 
to the transverse flexion view (Fig. 2) by flexing the femur 
90°. The transducer is maintained in a posterolateral position 
over the hip joint (Fig. 2A). The horizontal orientation of the 
scan plane is maintained. Anteriorly, the bony shaft and 
metaphysis of the femur give bright reflected echoes adjacent 
to the anechoic femoral head. Echoes from the bony acetab- 
ulum appear posterior to the femoral head and in the normal 
hip produce a U configuration (Figs. 2B and 2C). The femoral 
head is observed while the flexed hip is moved from maximum 
adduction to wide abduction. The sonogram changes its 
appearance in abduction and adduction: the deep U configu- 
ration is produced with maximum abduction; in adduction, the 
appearance changes to a more shallow V appearance (Figs. 
2C and 2D). While in adduction, the hip is stressed with a 
gentle posterior push. This maneuver, which represents a 
Barlow test, can show subluxation in an otherwise normal- 
appearing hip. In unstable hips, the process of dislocation and 
reduction is well visualized on the transverse flexion view. 
With frank dislocation, the femoral head is positioned laterally, 
posteriorly, or superiorly and the U pattern cannot be ob- 
tained. Wide abduction may demonstrate reduction of a dis- 
located hip; this represents the Ortolani maneuver (Figs. 2E 
and 2F). 


Coronal Flexion View 


The examiner can move to the coronal flexion view (Fig. 3) 
from the transverse flexion view by rotating the transducer 
90°. The hip is maintained in 90° of flexion and the transducer 
is in a coronal plane with respect to the acetabulum (Fig. 3A). 
During the examination, the sonographer moves the trans- 
ducer in an anteroposterior direction so that the entire hip is 
visualized. Anterior to the femoral head, the curvilinear margin 
of the bony femoral shaft is encountered. In the midportion of 
the acetabulum, the normally positioned fernoral head is sur- 
rounded by echoes from the bony acetabulum. The presence 
and size of the ossific nucleus can be evaluated. Superiorly, 
the lateral margin of the iliac bone is seen and the transducer 
position should be adjusted so that a straight line in horizontal 
orientation is viewed. This is a key to assessing the maximum 
depth of the acetabulum. When one is too anterior, the iliac 
line is inclined laterally; if too posterior, the iliac line exhibits 
some concavity. A normal hip gives the appearance of a ball 
on a spoon. The femoral head represents the ball, the acetab- 
ulum forms the bowl of the spoon, and the iliac line is the 
handle. At the posterior margin of the acetabulum, the pos- 
terior lip of the triradiate cartilage becomes a key landmark 
(Fig. 3D). The bone above and below the notch is flat and a 
normally positioned femoral head will not be visualized. 

The dynamic examination for the coronal flexion view uses 
a push/pull maneuver while the hip is flexed at 90° and is 
neutral with respect to abduction/adduction. The transducer 
is maintained in a coronal plane over the posterior lio of the 
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Fig. 1.—Transverse neutral view. 

A, Positions of hip and transducer. 

B, Field of view for linear transducer out- 
lined on CT scan of older child. 

C, Transverse neutral sonogram of normal 
left hip shows femoral head centered over 
anechoic triradiate cartilage with pubis ante- 
riorly and ischium posteriorly. 

D, Transverse neutral sonogram of sublux- 
ated left hip shows femoral head displaced 
laterally and posteriorly with gap (arrow) be- 
tween head and acetabulum. 

E, Sonogram of superiorly dislocated left 
hip. Transverse neutral view shows femoral 
head lateral to bony structure (ilium) that has 
none of the landmarks found in acetabulum. 

F, Laterally dislocated hip. Transverse neu- 
tral view shows head surrounded by soft tis- 
sue. There is no contact with the acetabulum. 

L = lateral, P = posterior, h = head, p = 
pubis, i = ischium, il = ilium 
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Fig. 2.—Transverse flexion view. 

A, Positions of hip and transducer. 

B, Field of view for linear transducer is out- 
lined on CT scan of older infant. 

C, Transverse flexion sonogram of ab- 
ducted normal left hip shows femoral head 
bordered by metaphysis anteriorly and acetab- 
ulum (ischium) posteriorly. Bony landmarks 
form a U configuration. 

D, Sonogram of normal left hip, with adduc- 
tion, shows metaphysis and acetabulum form- 
ing a V, as opposed to U shape seen with 

E, Sonogram of dislocated left hip shows 
displacement of femoral head laterally with 
echoes between femoral head and acetabulum 

F, Sonogram of same hip as in E, with flexion 
and abduction, shows femoral head in acetab- 
ulum; a few soft-tissue echoes are still seen 
between femoral head and acetabulum. 

L = lateral, P = posterior, h = head, i = 
ischium, m = metaphysis. 


acetabulum. A firm, but gentle push in the posterior direction 
is made against the knee. This will establish the presence of 
instability by showing the appearance of a portion of the 
femoral head over the posterior lip of the triradiate cartilage. 
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The purpose of this maneuver is to confirm observations 
concerning capsular laxity and the dislocatability of the head, 
thereby confirming observations made on the transverse flex- 
ion view. 
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In subluxation, the femoral head is displaced laterally and/ 
or posteriorly with respect to the acetabulum. Soft-tissue 
echoes are seen between the femoral head and the bony 
reflections from the medial acetabulum (Fig. 3E). In disloca- 
tion, the femoral head is malpositioned to a greater degree. 
With superior dislocations, the femoral head may rest against 


AJR:155, October 1990 


Fig. 3.—Coronal flexion view. 

A, Positions of hip and transducer. 

B, Field of view for linear transducer is in- 
dicated on arthrogram. Lateral margin of ilium 
is seen superior to femoral head (arrow). La- 
brum extends laterally to cover femoral head. 
Note triradiate cartilage in central portion of 
acetabulum (arrowhead). 

C, Coronal flexion sonogram of normal left 
hip shows ilium superiorly with femoral head 
surrounded by bony acetabulum medially and 
labrum superolaterally (curved arrow). Trira- 
diate cartilage (arrowhead). 

D, Normal posterior lip of acetabulum on 
coronal flexion sonogram shows triradiate car- 
tilage (arrowhead) between ilium superiorly 
and ischium inferiorly. Femoral head is not 
normally seen on this view. 

E, Abnormal coronal flexion sonogram 
shows displaced left femoral head with soft- 
tissue echoes between femoral head and ac- 
etabulum (curved open arrow). Echogenic la- 
brum (solid arrow) is deflected upward. 

F, Posterior lip sonogram of dislocated left 
hip shows abnormally positioned femoral 
head. 

L = lateral, S = superior, h = head, il = 
ilium, curved solid arrow = labrum, arrowhead 
= triradiate cartilage. 


the iliac bone. In posterior dislocation, the head is seen lateral 
to the posterior lip of the triradiate cartilage (Fig. 3E). The 
acetabulum is not visualized in posterior dislocations because 
the bony shaft of the femur blocks the view. 

We assess the configuration of the acetabulum on the 
coronal flexion view. As noted, it is important to choose the 
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plane that best represents the acetabulum; this is the mid- 
portion where the iliac line is straight and has a horizontal 
orientation on the display monitor. The cartilage component 
of the acetabulum is determined by locating the echogenic tip 
of the labrum. We make a subjective evaluation of the ace- 
tabulum, taking into consideration the development of the 
labrum, the inclination of the bony component of the acetab- 
ulum, and the overall coverage. We do not make angular 
measurements. In a previous report, we correlated coverage 
of the femoral head by the bony acetabulum with radiologic 
measurements of acetabular angle [10]. These data showed 
normal radiologic measurements always had femoral head 
coverage that exceeded 58% and that clearly abnormal radio- 
logic measurements had coverage of less than 33%. How- 
ever, there was a significant group of intermediate values in 
which sonographic and radiologic measurements did not cor- 
relate. We have also noted cases in which sonography 
showed the acetabulum to be better developed than it ap- 
peared radiologically, and, on occasion, we have seen an 
acetabulum that appeared better developed on radiographs 
than on sonograms. 

Hip dysplasia is sometimes accompanied by deformity of 
the acetabular labrum. Normally, only the tip of the labrum, 
where hyaline cartilage has changed to fibrocartilage, is echo- 
genic. With malposition of the femoral head, the labrum may 
become deformed and fibrous throughout with increased 
echogenicity. When a hip is frankly dislocated, the labrum 
may be interposed between the femoral head and the acetab- 
ulum, thereby preventing reduction. 


Use of Dynamic Hip Sonography 


We divide applications of sonography into two categories: 
initial assessment and management. In our practice, most 
cases are referred for initial assessment because of a ques- 
tionable or abnormal physical examination or an increased 
risk factor. There is an increased prevalence of CDH in 
females, firstborns, and pregnancies with oligohydramnios. 
Infants born in breech position, with skull-molding deformities, 
congenital torticollis, and foot deformities (metatarsus adduc- 
tus, clubfoot) are at increased risk for CDH [11]. Routine 
mass screening has been performed in small populations 
[12] but has not been practical in most areas because of the 
resources required. 

We report our findings, as previously described, with em- 
phasis on position and stability. Dislocations are easy to 
determine and we have had no difficulty with identification. It 
should be noted that some hips that are dislocatable may not 
have a clinically positive Barlow test. We have also seen 
cases in which the examining physician had suspected ab- 
normality and the hips were, in fact, seated and stable. There 
are many reports that attest to the accuracy of hip sonogra- 
phy in comparison with clinical and radiologic findings [7, 13, 
14]. Subluxation encompasses a wide range of laxity and 
displacement, and the degree of subluxation is a more sub- 
jective determination. To be consistent, the infant must be 
relaxed so that the stress maneuvers are accurate. Sonog- 
raphy is able to detect subluxation when it is not apparent on 
clinical examination. In some instances in which the clinical 
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examination detects abnormality that is not verified with so- 
nography, we have related this to a difference in the degree 
of relaxation at the time of examination. in examining neo- 
nates less than 30 days of age, one should expect to observe 
an increased frequency of capsular laxity and subluxation. 
This was recognized clinically by Barlow [5] and is even more 
apparent with the greater sensitivity of sonography. We have 
observed this group of patients and note that the laxity usually 
resolves in the first month of life without treatment [9]. Be- 
cause of this, we recommend these infants be observed and 
sonography be repeated at 4-6 weeks of age. 

For management of infants with all degrees of CDH, our 
orthopedic surgeons use the results of sonography to monitor 
hip position and acetabular development. The findings are 
incorporated in their decision to institute treatment. Once 
treatment is initiated, most of the devices permit sonographic 
evaluation to be performed. Dynamic splints, such as the 
Pavlik harness, are popular, and sonography has been tested 
as a way of monitoring hip position for infants in the harness. 
The restraint device maintains the hip in flexion and abduction. 
For this reason, the sonographic examination is limited to the 
transverse flexion and coronal flexion views [15]; the trans- 
verse neutral view is eliminated and the stress view in coronal 
flexion is not performed unless requested. The dynamic as- 
pects of the examination are particularly helpful to the or- 
thopedic surgeon. The examination determines the stability 
of the hip within the limits of the harness, and we have actually 
used sonography to assist in the adjustment of these devices. 
Typically, the stress examination is done at the conclusion of 
treatment when weaning from the harness is being under- 
taken. Hip sonography can be repeated frequently, and the 
sonogram has generally replaced the radiograph for monitor- 
ing infants being treated. It is our recommendation that near 
the conclusion of a treatment program an anteroposterior 
radiograph of the pelvis be obtained [16]. This documents the 
bony acetabular development and provides a baseline for 
further monitoring as the infant grows older. 

We have had a positive experience with dynamic sonogra- 
phy in our institution. We have performed over 8000 individual 
hip examinations and have had the benefit of working closely 
with orthopedic colleagues. As a result, there is good com- 
munication between the sonographer and the surgeon. We 
understand each other's terminology and have agreed on the 
meaning of descriptions. In any program instituting hip sonog- 
raphy, close collaboration is required, particularly in the early 
stages. Sonographers must be given time to learn the tech- 
nique and develop experience with both normai and abnormal 
hips before giving official reports. This will ensure that the 
accuracy of sonography is maintained at a high level and that 
referring clinicians will become confident in the method. 

This discussion of dynamic sonography represents the 
evolution of a technique originally developed over 7 years ago 
and subsequently refined on the basis of considerable expe- 
rience. Variations in dynamic sonography exist, and others 
who use dynamic technique have proposed modifications and 
alternative views [12-14, 17]. It is possible to shorten the 
examination and theoretically obtain the same information. 
Our philosophy, however, has been conservative because of 
the desire to provide an evaluation with the utmost accuracy. 
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Information obtained in transverse flexion and coronal flexion, 
while redundant, is important because it confirms findings 
and increases the level of confidence. Widespread availability 
of sonographic equipment makes examination potentially 
available in virtually any area. Regardless of the technique, 
the advantages of sonography in the diagnosis and manage- 
ment of CDH warrant its implementation. 
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Case Report 





Acute Suppurative Thyroiditis Associated with Piriform 
Sinus Fistula: Sonographic Findings 


Hiroto Hatabu,’ Kanji Kasagi, Kazutaka Yamamoto, Yasuhiro lida, Takashi Misaki, Akinari Hidaka, Keigo Endo, 


and Junji Konishi 


Acute suppurative thyroiditis associated with internal fistula 
from the piriform sinus is a rare clinical entity caused by 
bacterial infection via the remnant of the fourth branchial cleft 
[1-3]. The sonographic appearance of the disease is pre- 
sented. Sonography revealed the characteristic findings of a 
left-sided perithyroid hypoechoic area that involved the left 
lobe of the thyroid gland. Barium meal study confirmed that 
an internal fistula was the route of infection. 


Case Report 


A 23-year-old woman was referred to our department because of 
anterior swelling of the left side of the neck with tenderness and 
fever. She had had frequent episodes of left-sided neck swelling since 
she was 4 years old, which had been treated by repeated incisions 
and drainages. The WBC count was 9.8 x 10°/I, C-reactive protein 
was 9.9 mg/dl (0.10 g/l), erythrocyte sedimentation rate was 52 mm/ 
hr, serum level of T4 was 8.4 ug/di (108 nmol/l; normal range, 5-11 
ug/di [64-142 nmol/i]), serum level of Ta was 68 ng/di (1.0 nmol/l; 
normal range, 90-170 ng/di [1.4-2.6 nmol/l]), and thyroid-stimulating 
hormone level was 0.96 «U/mi (0.96 mU/|; normal range, 0.30-3.90 
zU/mil [0.30-3.90mU/I]). Sonography revealed a left-sided perithyroid 
hypoechoic area involving the left lobe of the thyroid gland (Figs. 1A 
and 1B), and a subsequent barium meal study revealed an internal 
fistula originating from the apex of the left side of the piriform sinus 
(Fig. 1C). Complete surgical resection of the fistula resulted in a cure. 
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Discussion 


Acute suppurative thyroiditis associated with internal fistula 
from the piriform sinus can be characterized clinically as 
follows: (1) abrupt onset of painful swelling in the left side of 
the thyroid gland accompanied by fever and pain on swallow- 
ing, occasionally with upper respiratory tract infection; (2) 
female to male ratio of 7 to 10; (3) age at onset between 2 
and 12 years; and (4) recurrence common unless the fistula 
is extirpated completely [1]. 

Embryologically, the branchial apparatus becomes evident 
during the third and fourth weeks of development and disap- 
pears at about the sixth week of development. it is considered 
that cervical cysts and fistulas are derived from remnants of 
branchial grooves and pouches with failure of fusion or bury- 
ing of cell rests of the branchial grooves. Branchial cleft 
defects from any of the first to fourth branchial grooves and 
pouches may occur in the cervical region, but more than 95% 
of them are formed from the second pouch and groove, which 
pass between the internal and external carotid arteries [2]. 
An internal fistula originating from the apex of the piriform 
sinus as a remnant of the fourth branchial cleft is rare; 
however, it has recently been recognized as the most com- 
mon cause of acute suppurative thyroiditis [1, 3]. Anatomi- 
cally, the fistula runs anteroinferiorly from the apex of the 
piriform sinus into the semiclosed space around the thyroid 
gland (spatium perithyroideum). The latter is bordered by the 
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Fig. 1.—A, Real-time sonography (7.5 MHz) with a water-bath technique shows hypoechoic area surrounding anterolateral aspects of thyroid gland, 
which continues to left lobe of thyroid gland (arrows). T = trachea; E = esophagus; A = left common carotid artery; V = left internal jugular vein. 

B, Longitudinal sonogram of left lobe of thyroid reveals poorly defined hypoechoic area. 

C, Barium meal study with oblique projection reveals a fistula originating from left side of piriform sinus (arrow). 





A 





Fig. 2.—14 year-old girl with recurrent episodes of sore throat, fever, and swelling of left side of neck. Surgical intervention was recommended, but 


was refused by patient. Symptoms recurred 2 months later. 


A, Transverse sonogram shows poorly defined perithyroid hypoechoic area that continues to left lobe of thyroid (arrows). T = trachea; E = esophagus; 


A = left common carotid artery; V = left internal jugular vein. 


B, Barium meal study with anteroposterior view visualized a fistula originating from left side of piriform sinus (arrow). 
C, Barium meal study with right-left lateral view also showed fistula slightly curving anteriorly (arrow). 


middle layer of cervical fascia covering the posterior surface 
of the sternothyroid muscle anteriorly, the prevertebral fascia 
posteriorly, the carotid sheath laterally, and the insertion of 
the sternothyroid muscle to the thyroid cartilage superiorly. 
After infection via the fistula, purulent exudate accumulates 
in this space [1]. 

On sonograms, the left-sided perithyroid hypoechoic area 
infiltrating the thyroid gland was, therefore, considered to be 
an abscess caused by bacterial infection. We have observed 
very similar findings in a 14-year-old girl with this disorder 


(Fig. 2). Subacute thyroiditis, primary thyroid lymphoma, and 
undifferentiated carcinoma occasionally show poorly defined 
hypoechoic areas, which may simulate the sonographic find- 
ings in acute suppurative thyroiditis. However, the hypoechoic 
lesion in these three conditions arises from the thyroid gland 
itself, unlike the predominantly perithyroid nature of the hy- 
poechoic area in acute suppurative thyroiditis [4, 5]. When 
the inflammation is extensive, separation of thyroid from 
perithyroid involvement may become difficult. Involvement of 
the right lobe virtually precludes the diagnosis of acute sup- 
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purative thyroiditis [1, 6]. Visualization of the fistula by barium 
meal study or fistulography is considered diagnostic for acute 
suppurative thyroiditis. We were able to show it in both of 
our patients. Bacteremia or a persistent thyroglossal duct are 
other known causes of the disease. 

To our knowledge, only a few descriptions of sonographic 
features of acute suppurative thyroiditis have been published. 
Clair et al. [7] reported a case of acute suppurative thyroiditis 
as a complication of systemic lupus erythematosus and cor- 
ticosteroid therapy, in which sonography revealed diffuse 
enlargement of the thyroid gland reflecting the probable hem- 
atogenous infection, unlike that in our patients. 

Sonography is now widely used for morphologic examina- 
tion of various thyroid diseases [8]. We recommend a careful 
search of the hypopharynx for the fistula in patients with 
characteristic sonographic findings of a poorly defined inho- 
mogeneous hypoechoic area surrounding and involving the 
left lobe of the thyroid, because piriform sinus fistula is virtually 
always pathogenic if the patient is young and is not immu- 
nosuppressed or otherwise at risk for primary thyroid infec- 
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tion. In addition, complete extirpation of the fistula is neces- 
Sary to prevent recurrence of the disease. 
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Book Review 





Magnetic Resonance Imaging of Central Nervous System Diseases. Functional Anatomy, Imaging, Neurological 
Symptoms, Pathology. By W. J. Huk, G. Gademann, and G. Friedmann. (Translated by Terry Telger.) New York: 


Springer-Verlag, 450 pp., 1990. $295 


The first author of this book is a neurosurgeon, and the other two 
are radiologists. The book has 19 contributing authors as well. It was 
written in German and has been translated into English. its purported 
intent is to familiarize the reader with the physics of MR imaging and 
with anatomic, functional, and pathologic aspects of the CNS. Dis- 
eases of the vertebral column, spinal cord, eyeball, and orbits are 
included; diseases of the ear, nose, and throat are not. 

The book has 17 chapters in all. The first chapter covers the 
physical principles and techniques of MR imaging. It is a nicely written 
chapter and provides an easily understandable physical basis of MR 
imaging. It is illustrated profusely with diagrams, charts, and clinical 
images. Helpful clues to good imaging are given. An elaborate table 
provides a guide to identify and to avoid artifacts. This chapter is 49 
pages long. The third chapter is really an extension of chapter 1. It 
deals with the practical aspects of MR examination and briefly dis- 
cusses the biological effects of MR imaging. Chapter 2 describes the 
normal anatomy of the CNS. It is illustrated with good-quality clinical 
images and diagrams. The fourth chapter describes in a tabular form 
the signs and symptoms and their anatomic localization. This chapter 
can be a quick source of information to match the patient's signs and 
symptoms with the anatomic area that should be looked at to detect 
a possible disease process. Chapter 5 deals with generalized aspects 
of MR signal pattern. It vividly describes the MR appearance of brain 
edema, hemorrhage, and iron metabolism. Blood and CSF flow 
phenomena are explained. The effects of gadopentetate-dimeglumine 
on normal tissues are described. A detailed description of effects of 
radiotherapy on brain and spinal cord tumors is given. Chapters 6 
and 7 are related. Chapter 6 concerns technical aspects of imaging 
the brain in infants and children and provides a generic description of 
the MR patterns of hemorrhage, infarction, leukomalacia, infection, 
myelination, and so forth. Chapter 7 deals with brain and spinal cord 
malformations. These entities are covered adequately. Chapter 8 is 
an elegant exposition of degenerative disorders of the brain and white 
matter. All diseases are covered comprehensively. This chapter is 


especially important as a reference source as white matter diseases 
are seen more and more frequently on MR imaging. 

Chapter 9 is a brief discussion of temporal lobe epilepsy. Chapters 
10 and 11 give a detailed description of all types of intracranial 
neoplasm. The occurrence, pathology, and MR findings of these 
tumors are covered succinctly. Chapter 12 on diseases of the eyeball, 
orbit, and accessory structures is only a cursory description of the 
usually encountered diseases. It cannot be used as a resourceful 
reference. Chapter 13 covers vascular diseases of the brain, and 
chapter 14 covers the vascular malformations. All varieties of vascular 
anomalies are included. Chapter 15 is on inflammatory diseases of 
the CNS. It is a comprehensive discussion of bacterial, fungal, gran- 
ulomatous, and viral diseases. Chapter 16 is on head injury. The last 
chapter is on diseases of the vertebral column and spinal cord; | wish 
it were more detailed. The last part of the book contains a glossary 
of MR terms. 

This is a handsomely produced book printed on acid-free paper. It 
contains a wealth of information. The layout of the text and illustra- 
tions on large-sized pages is pleasing. The translator has done a 
good job. The text is lucid. Typographic mistakes occur here and 
there, but they do not detract from smooth reading. The book is 
illustrated profusely with high-quality illustrations (822 illustrations in 
614 figures). The legends contain clinical summaries and MR imaging 
parameters. | like this book a lot. It is one of the best available texts 
on MR imaging of the CNS. The price of $295 is not high considering 
the effort and expense incurred in the production of such quality 
work. | highly recommend this book for medical school and radiology 
departmental libraries. The trainers in radiology somehow should 
manage to read it if they do not want to invest in it personally. General 
radiologists and other physicians involved in MR imaging will find it a 
rich reference source. 
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Dallas, TX 75218 
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MR Imaging of Optic Nerve 
Lesions: Value of Gadopentetate 
Dimeglumine and Fat-Suppression 
Technique 





Eleven patients with known or suspected optic nerve lesions and eight normal subjects 
were examined with spin-echo technique at 1.5 T with unenhanced T 1-weighted imaging, 
IV gadopentetate-dimeglumine~enhanced T1-weighted imaging, and enhanced T1- 
weighted imaging with fat suppression. Two pathologically proved and four presumed 
optic nerve meningiomas demonstrated significant enhancement and were best seen 
with the fat-suppression technique. None of the three presumed optic nerve gliomas nor 
the optic nerves of normal subjects demonstrated qualitative enhancement. 

We conclude that the use of a fat-suppression technique with gadopentetate dime- 
giumine enhancement improves delineation of enhancing optic nerve lesions, This 
technique should be useful for evaluating other anatomic regions where enhancing 
tissue marginates fat. 


AJNR 11:749-~754, July/August 1990; AJR 155:849-854, October 1990 


The T1 shortening effect of gadopentetate dimeglumine results in a significant 
increase in signal intensity of many lesions, such as meningiomas and acoustic 
neuromas, on short TR spin-echo (SE) images. This effect can increase the contrast 
between the lesion and surrounding tissues and result in improved detection of an 
abnormality [1-3]. However, in the orbit as well as other regions where the anatomic 
structure of interest is surrounded by fat, it may be difficult to distinguish between 
an enhanced structure and fatty tissue [4]. To overcome this problem we [5] and 
others [6] have previously suggested the use of fat-suppression sequences in 
conjunction with gadopentetate dimeglumine enhancement. A number of fat- 
suppression techniques for MR imaging have been previously introduced, including 
frequency-selective saturation pulses [7, 8], the STIR technique [9], Dixon's 
technique [10], and chopper fat suppression [11, 12]. We reasoned that such a 
fat-suppression technique should allow selective reduction of the fat signal intensity 
without affecting the signal intensity of the adjacent contrast-enhanced tissues. 
The purpose of this study was to determine if contrast-enhanced short TR SE 
imaging with a fat-suppression method would result in improved delineation and 
characterization of optic nerve/sheath lesions. 


Materials and Methods 


Nineteen subjects, 18-76 years old, were examined with MR imaging at 1.5 T (Signa, 
General Electric Medical Systerns, Milwaukee, WI). The eight control subjects consisted of 
four normal volunteers and four patients without known orbital disease. Eleven other patients 
were referred for known or suspected optic nerve lesions. The diagnosis was optic nerve 
sheath meningioma in six cases, optic nerve glioma in three cases (one patient with diagnosed 
neurofibromatosis), glial cyst with ectasia of the optic nerve sheath in one case, and sphenoid 
wing meningioma with orbital extension in one patient. These diagnoses were based on 
surgical and pathologic findings in four patients (two with optic nerve meningiomas, one with 
optic nerve sheath cyst, and one with sphenoid meningioma) and on a combination of CT, 
MR, and clinical findings in seven cases. 
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A B C 


Fig. 1.—A-C, Axial T1-weighted spin-echo MR images of a normal orbit before IV injection of gadopentetate dimeglumine (A), after contrast injection 
(B), and with suppression after contrast injection (C). Fat suppression results in the low signal intensity of the intraconal fat in C. There is no appreciable 
enhancement of the optic nerve (n) or sheath (arrows) in B or C. Enhancement of the extraocular muscles, seen in the postcontrast images, is more 
apparent with the fat-suppression technique (C). This individual has a relatively prominent nerve sheath. The relatively increased brightness of soft tissue 


anterolaterally is a reflection of greater sensitivity of the reception field near the surface coil. 





Rare 





A | C 


Fig. 2.—A-C, Coronal T1-weighted spin-echo MR images of a normal orbit before IV injection of gadopentetate dimeglumine (A) after contrast injection 
(B), and with fat suppression after contrast injection (C). In B, chemical-shift misregistration results in an artifactual black band (arrowhead) at superior 
margin of medial and inferior rectus muscles and increases prominence of the optic nerve sheath (arrows) superiorly. This effect is not evident with fat 
suppression (C). With fat suppression, in C, there is an artifactual signal void (curved arrow) within inferior rectus muscle, believed to be related to 
magnetic susceptibility differences between the muscle and air within the adjacent maxillary sinus. The increased signal intensity of the superior and 
inferior ophthalmic veins, seen in B and especially in C, is probably caused by T1 shortening of slow-flowing blood by gadopentetate dimeglumine. The 


enhancement is more obvious with fat suppression (C) owing to increased contrast between the vessels and surrounding fat. (n = optic nerve) 


Fat suppression was accomplished with a frequency-selective 
presaturation pulse [8] in three subjects. In the remaining 16 subjects, 
fat suppression was done by using a hybrid technique that combines 
the 1331 sequence [13] used for solvent suppression in proton 
spectroscopy with the chopper fat-suppression sequence [11]. The 
1331 sequence is a series of four pulses that is designed to avoid 
exciting the peak of interest (in this case water) while exciting the 
other components of the proton spectrum (the fat) with a 90° rotation. 
A spoiler gradient is then applied to dephase the magnetization. The 
chopper fat-suppression technique can be viewed as a real-time 
Dixon technique [10] in which the in-phase (water + fat) and opposed- 
phase (fat — water) signals are obtained in an interleaved fashion 
within the same sequence and subtracted to suppress the fat. 


All patients with orbital disease were imaged with routine unen- 
hanced T1-weighted (short TR/TE) SE imaging and gadopentetate- 
dimeglumine-—enhanced T1-weighted SE imaging with and without 
fat suppression. Precontrast fat-suppression imaging was also per- 
formed in selected cases (four patients with meningioma, one with 
optic glioma, one with optic nerve sheath cyst, and three normal 
volunteers). Gadopentetate dimeglumine was injected IV in a dose of 
0.1 mmol/kg body weight. Imaging was resumed within minutes after 
injection. Twelve of the subjects were examined with the use of a 
7.5-cm-diameter receive-only surface coil (General Electric, Milwau- 
kee); four of these subjects were also studied with the use of a head 
coil. Seven subjects were studied with only the head coil. Imaging 
parameters included 600/20 (TR/TE); slice thickness/gap = 3/1 mm; 
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Fig. 3.—A-E, Pathologically proved right optic 
nerve sheath meningioma in axial CT scan (A), 
unenhanced T1-weighted spin-echo MR image 
(B), gadopentetate-dimeglumine-enhanced T1- 
weighted MR image (C), and axial (D) and cor- 
onal (E) contrast-enhanced T1-weighted spin- 
echo MR images with fat suppression. Note dif- 
fuse enlargement and “tram-track” appearance 
of the enhanced nerve sheath (arrows) in A. In 
B, the nerve and/or sheath appears diffusely 
enlarged. In C, there is questionable enhance- 
ment (arrows). In D and E, the enhancing menin- 
gioma (arrows) is distinctly visualized with fat 
suppression. (n = optic nerve) 


14 or 20 cm field of view, depending on the use of the surface or 
head coil, respectively; 256 x 128, 192, or 256 acquisition matrix for 
axial images, and 256 x 128 matrix for coronal images; and two 
excitations in all cases. Enhancement was evaluated qualitatively in 
all subjects. All MR images were evaluated in a retrospective, non- 
blinded fashion. 


Results 


No appreciable enhancement of the optic nerve, nerve 
sheath, or orbital fat was observed in normal subjects (Figs. 
1 and 2). All (six) optic nerve sheath meningiomas enhanced 
and were best seen with fat-suppression imaging after con- 
trast administration (Figs. 3-5). In unenhanced images three 
meningiomas were not apparent, one was considered as a 
questionable abnormality (a small lesion next to the optic 
nerve near the orbital apex), one appeared as diffuse enlarge- 
ment of the nerve, and the other as a focal, fusiform enlarge- 
ment of the posterior portion of the nerve. After administration 
of gadopentetate dimeglumine, three of the lesions could be 
partially visualized and were thought to have enhanced 
slightly. With the addition of the fat-suppression sequence, all 
seven meningiomas were identifiable and appeared more 
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extensive than was apparent in images without fat suppres- 
sion. Enhanced tumor surrounded the lower-intensity nerve 
in a concentric fashion (five of six) or was seen adjacent to it 
(one of six) (Fig. 5). The nerve sheath could often be seen as 
a uniformly thin line (axial plane) or ring (coronal plane) of high 
signal intensity surrounding the nerve even where there was 
no gross tumor or obvious thickening of the sheath. 

Each of the three optic nerve gliomas presented as diffuse 
enlargement of the nerve on unenhanced MR images. The 
optic glioma signal intensity in each case was indistinguisha- 
ble from that of normal nerve. In one patient the nerve sheath 
was diffusely thickened. Neither the optic nerve gliomas nor 
the glial cyst enhanced: after contrast administration there 
was no evident change in the appearance of the optic nerve 
or sheath with or without fat suppression (Fig. 6). 

Fat suppression without gadopentetate dimeglumine, rela- 
tive to routine SE imaging, did not improve visualization of 
optic nerve lesions in this series; contrast resolution of the 
lesions was not increased, and the images obtained in this 
fashion suffered from a slight qualitative decrease in signal- 
to-noise ratio. 

Enhancement of the extraocular muscles was observed in 
all subjects (Figs. 1-6). This enhancement was especially 
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Fig. 4.—A-C, Axial T1-weighted spin-echo MR images of an optic nerve sheath meningioma before IV injection of gadopentetate dimeglumine (A), after 
contrast injection (B), and with fat suppression after contrast injection (C). The lesion was not appreciated in the unenhanced image (A). After IV contrast 
administration, a thin band of moderately enhancing tissue is seen posteriorly alongside lateral aspect of nerve (B). With fat suppression (C), tumor 
(arrows) is distinctly seen medial and lateral to the optic nerve. This patient was originally referred for suspected optic neuritis. A funduscopic examination 
after MR imaging showed optociliary shunt vessels, and subsequent CT findings were most consistent with meningioma. 


Fig. 5.—A-D, Axial (A-C) and coronal (D) T1- 
weighted spin-echo MR images of a small optic 
nerve sheath meningioma before IV injection of 
gadopentetate dimeglumine (A), after contrast 
administration (B), and with fat suppression after 
contrast administration (C and D). The lesion 
could be mistaken for normal vessels in A or B, 
but in C enhancing lesion (arrow) is clearly seen 
lateral to optic nerve (n), and in D it is seen as 
eccentric lesion (arrow) inferolateral to optic 
nerve in coronal plane. Lesion appears virtually 
isointense with extraocular muscles (asterisks in 
D). Funduscopic examination and CT findings 
were most consistent with meningioma. (Case 
courtesy of Drs. Richard E. Appen and Joel Wein- 
stein.) 
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Fig. 6.—A-C, Axial T1-weighted spin-echo MR images of an optic nerve glioma before IV injection of gadopentetate dimeglumine (A), after contrast 
administration (B), and with fat suppression after contrast administration (C). No appreciable enhancement of the optic nerve (n) or sheath (arrows) is 
observed in either B or C. Thickening of the nerve sheath is probably due to arachnoid hyperplasia. 


evident in the fat-suppressed images. The contrast-enhanced 
meningiomas appeared isointense (particularly in the coronal 
plane) or slightly hypointense relative to the muscles. 

There was considerable reduction of the chemical-shift 
misregistration artifact with the fat-suppression sequence. 
However, an artifactual signal void within the inferior rectus 
muscle (probably caused by a difference in magnetic suscep- 
tibility between the muscle tissue and nearby air within the 
maxillary sinus) was consistently seen in one or two coronal 
fat-suppressed images in each subject (Fig. 2). 


Discussion 


The hybrid sequence used in this study provides a straight- 
forward, effective method of fat suppression that does not 
require an increase in acquisition time. However, certain pa- 
rameters must be adjusted in an interactive fashion during a 
prescan, and improper adjustment can result in poor fat 
suppression. Additionally, both the 1331 sequence and the 
chopper sequence are dependent on good static field homo- 
geneity for effective fat suppression. 

Certain findings of this study deserve further comment. 
With gadopentetate dimeglumine enhancement and fat 
suppression, the appearance of meningiomas is analogous to 
that seen in CT studies [14-18]; a so-called “donut” configu- 
ration (five of six) or “tram-track” [17, 18] appearance (five of 
six) of the nerve surrounded by enhanced tumor was seen in 
coronal and axial views, respectively. As noted earlier (see 
Results), the contrast-enhanced meningiomas were essen- 
tially isointense with the extraocular muscles. This observa- 
tion is relevant in that an eccentric meningioma may resemble 
an extraocular muscle in the coronal plane (Fig. 5). 

The gliomas in this series were confined to the optic nerve 
and were typical of the more common benign, hamartomalike 
subset of these tumors [19, 20]. Consistent with previous 
observations [21], we found the signal intensity of these optic 
nerve gliomas to be indistinguishable from that of normal 


nerve. The nerve sheath was diffusely thickened in one patient 
with an optic glioma. This phenomenon, caused by arachnoid 
hyperplasia, is known to occur in some cases of optic glioma 
and the appearance may resemble that of a meningioma [15, 
19, 22, 23]. Significantly, unlike the meningiomas, the thick- 
ened sheath associated with the optic glioma did not enhance. 

Advantages of fat suppression for orbital imaging have 
been described [12]. The fat-suppression sequence reduces 
the chemical-shift misregistration artifact [7, 12, 24, 25] and 
can increase the contrast between fat and high signal intensity 
lesions, such as uveal melanoma or subacute hemorrhage 
[12]. However, we did not find the fat-suppression sequence 
without gadopentetate dimeglumine to be beneficial in the 
evaluation of optic nerve lesions. 

Pathologic verification was not obtained in all cases in this 
study. Three patients (one with known neurofibromatosis) 
had characteristic radiologic and clinical findings of optic nerve 
glioma; these lesions are not routinely biopsied or resected 
at our institution. Four patients with typical radiologic and 
Clinical features of optic nerve sheath meningioma were not 
considered surgical candidates. 

In summary, the technique of gadopentetate dimeglumine 
enhancement combined with fat suppression improves MR 
imaging of enhancing optic nerve lesions and may help to 
differentiate nerve sheath meningiomas from optic nerve 
gliomas. We believe that this technique is promising for the 
evaluation of other orbital lesions and should prove to be 
useful in studies of other anatomic regions. Further refine- 
ments in fat-suppression techniques will undoubtedly serve 
to increase the number of potential applications. 
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Pathogenesis of Intracranial 
Lipoma: An MR Study in 42 Patients 





intracranial lipomas are uncommon lesions whose development remains poorly under- 
stood. To clarify the anatomic and embryologic features of intracranial lipomas, we 
retrospectively reviewed the MR scans of 42 patients with 44 intracranial Hpomas. 
Interhemispheric lipomas were the most common, accounting for 45% of cases. The 
remainder of the lesions were clustered in the quadrigeminal/superior cerebellar (25%), 
suprasellar/interpeduncular (14%), cerebellopontine angie (9%), and sylvian (5%) cis- 
terns. Fifty-five percent of the lesions were associated with brain malformations of 
varying degrees. Intracranial vessels and nerves were noted to course through 16 (36%) 
of the lesions. 

The relative frequencies of the locations of the lipomas correspond to the temporai 
sequence of dissolution of the meninx primitiva, the mesenchymal anlage of the me- 
ninges. This finding supports the concept of lipoma formation as a result of abnormal 
persistence and maldifferentiation of the meninx. This embryologic concept of the 
development of intracranial lipomas explains the high frequency of callosail and other 
brain hypoplasias. Intracranial lipomas are neither hamartomas nor true neoplasms: 
rather, they are congenital malformations. 


AJNR 11:665-674, July/August 1990; AJR 155:855-864, October 1990 


The intracranial lipoma, which has traditionally been considered little more than 
a curiosity by radiologists, has inspired numerous pathogenetic theories. It has 
been described in dysraphic terms as a mesodermal inclusion within the closing 
neural tube [1, 2]; in hyperplastic terms as a proliferation of fat cells normally 
present within the leptomeninx [1, 2]; in metabolic terms as the deposition of fatty, 
catabolic products of nerve tissue [2, 3]; and in heterotopic terms as the surviving 
derivative of a displaced dermal anlage in which other mesenchymal elements 
recede [2, 3]. Another theory [4, 5] attempts to address the congenital, malfor- 
mative nature of intracranial lipomas. This concept. proposed by Verga [4], holds 
that intracranial lipomas derive from the embryologic “meninx primitiva” described 
by Salvi [6]. Although initially thought to be of mesodermal origin, it is now clear 
that the meninx primitiva is a mesenchymal derivative of neural crest [6, 7]. Normally 
the inner meninx is resorbed by an orderly process, as its extracellular space 
expands to create the subarachnoid cisterns. 

While reviewing a large number of intracranial lipomas, it became apparent that 
these lesions occur in consistent locations and are associated with specific brain 
malformations. Furthermore, it became apparent that the theory of Verga and its 
refinements, although fundamentally correct, fail to address the reason that intra- 
cranial lipomas consistently occur in the same locations. We believe this question 
can now be satisfactorily answered. The purpose of this article is to review the MR 
imaging characteristics, the anatomic distribution, and the numerous pathogenetic 
theories regarding intracranial lipomas. With this information, we hope to unify the 
original concept of Verga of a malformative origin with more recent data in an 
attempt to clarify the etiology of intracranial lipomas. 
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Materials and Methods 


The MR scans of 42 patients with 44 intracranial lipomas were 
reviewed retrospectively. The patients ranged in age from prenatal 
to 82 years old. Thirty-six scans were obtained at 1.5 T and six were 
obtained at 0.3-0.5 T. The lesions were evaluated relative to location, 
the presence of other (related or unrelated) congenital brain anomalies 
(such as hypothalamic/mamillary body and corpus callosal hypopla- 
sia), the identification of a chemical-shift artifact (CSA), and the 
presence or absence of vessels within the lipomas. Pericallosal” 
lipomas were also assessed for extension along the choroidal fis- 
sures. Sagittal, axial, and coronal spin-echo (SE) images, 477-800/ 
15-40/1-4 and 2300-3000/30-120/1-2 (TR/TE/excitations), were 
reviewed. Various matrix sizes (128-256 x 256) and slice thicknesses 
(3-5 mm) were used, depending on the magnetic field strength, 
indication for scanning, and patient age. Fat saturation techniques 
were used in three cases at 1.5 T. 


Results 


All lesions were identified by marked hyperintensity on short 
TR images and characterized as fat by progressive diminution 
of signal intensity with increased T2 weighting. As seen in 
Table 1, the lipomas were distributed within the subarachnoid 
cisterns and spaces as follows: pericallosal (16); quadrigemi- 
nal/superior cerebellar (11); sylvian (two); suprasellar (five); 
interpeduncular (one); cerebellopontine angle (CPA) (three); 
velum interpositum (two); and anterior internemispheric fis- 
sure, cistern of the lamina terminalis, internal auditory canal 
(IAC), and prepontine cistern (one each). 

Of the 16 pericallosal lesions, 11 anteriorly situated, bulky 
lipomas were associated with either agenesis (three) or severe 
hypogenesis (eight) of the corpus callosum (Fig. 1). Vascular 
flow void within the lipoma, representing either an azygous 
anterior cerebral artery (ACA) or both ACAs, was noted in all 
11 bulky pericallosal lipomas. Lipomas within the lateral ven- 
tricular choroid plexuses were detected in eight of the 11. Of 
the eight, contiguous extension from the parent lesion through 
the choroidal fissures was easily seen in six; in two cases the 
images were inadequate to assess the choroidal fissures. 
One lesion was associated with a frontonasal encephalocele 
and callosal agenesis, although the lipoma did not extend into 
the encephalocele. 

Five pericallosal lipomas appeared on short TR images 
either as a ribbon of high intensity along the dorsum of the 
corpus callosum with posterior extension around the splenium 
(Fig. 2) or as a retrosplenial button of fat. Mild callosal hypo- 
plasia was seen in all five cases. The splenium was hypoplas- 
tic in two, the posterior body of the corpus callosum was 
foreshortened in two, and a dorsal groove in the corpus 
callosum was seen in one ribbonlike pericallosal lipoma. Two 
of these five pericallosal lesions demonstrated contiguous 
choroidal extension, and ACA flow void was detected within 
the lipoma in only one of the five cases. One of the two 
lipomas of the cistern of the velum interpositum was associ- 
ated with choroidal extension on the right, and also demon- 
strated intralesional flow void. The other extended posteriorly 
around the splenium (Fig. 3). 


* Although semantically inaccurate, interhemispheric lipomas are more com- 
monly known as either lipomas of the corpus callosum or pericallosal lipomas 
even when the corpus callosum is absent. For the sake of continuity, we will 
use the term pericaliosal lipoma. 
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Eleven lipomas were detected within the quadrigeminal 
and/or superior cerebellar cisterns (Figs. 4 and 5). All were 
adjacent to the inferior colliculus, superior medullary velum, 
and/or superior vermis. Hypoplasia of either one inferior col- 
liculus or the superior vermis was clearly evident in four cases. 
Hydrocephalus, secondary to aqueductal stenosis, was pres- 
ent in one case. Two of the 11 cases were pathologically 
proved to be benign, mature lipomas. 

Five lipomas were detected in the suprasellar cistern and 
hypothalamus (Fig. 6). Three were intimately related to the 
mamillary bodies, which were small in one case. Images in 
the other two cases were inadequate to assess the mamillary 
bodies. Two lipomas were situated adjacent to and possibly 
partially within the tuber cinereum. 

Three lipomas were situated within the CPA cistern; an- 
other was predominantly in the internal auditory meatus, with 
a small CPA cisternal component. The intracanalicular neural 
elements coursed through the substance of the IAC lipoma. 
Similarly, the seventh/eighth cranial nerve complex was noted 
within the substance of one of the CPA lipomas, both on MR 
and at surgery (Fig. 7). 

One lipoma was detected within the cistern of the lamina 
terminalis and was associated with agenesis of the corpus 
callosum as well as a sphenoid encephalocele. The lipoma 
did not extend into the encephalocele. Two lipomas were 
detected within the sylvian fissure; in one of these flow void 
related to middle cerebral artery branches was demonstrated. 
Both were in patients with bulky pericallosal lipomas. One of 
the lesions was pathologically proved and has been reported 
previously [8]. The final lesions included an interpeduncular 
lipoma (accompanied by a second lesion adjacent to the 
mamillary bodies) and a surgically proved prepontine lipoma 
associated with pontine hypoplasia (Fig. 8). 

CSA was appreciated on 29 (69%) of the 42 MR studies, 
including two (33%) of the six at mid field strength and 27 
(75%) of the 36 at high field strength. The lipomas that did 
not exhibit CSAs at mid field strength included a ribbonlike 
pericallosal lesion and a lipoma of the quadrigeminal/superior 
cerebellar cistern, which was greater than 2 cm in diameter. 
The lipomas that did not demonstrate CSAs at 1.5 T were all 
less than 1 cm in diameter, with the exception of the two 
lipomas of the cistern of the velum interpositum (1.8 cm). 

Thus, of the 40 lipomas for which images were adequate 
to assess the adjacent brain, 24 (60%) were associated with 
radiographically detectable congenital anomalies of the adja- 
cent neural tissue. In two others, the seventh and/or eighth 
cranial nerve complex was detected within the lipoma. All 
pericallosal lipomas were associated with either callosal agen- 
esis or some degree of callosal hypogenesis. 


Discussion 


The earliest reported intracranial lipoma appears to date 
back to 1818, when Meckel described a chiasmatic lipoma.” 
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* Verga [4]. in 1929, referenced Wenzel's case report of 1812, which 
described a “lipoma” of the olfactory tract. This, however, was disputed by 
Krainer [5] in 1935, who argued that Wenzel’s case actually represented a 
cholesteatoma. 


TABLE 1: MR Characteristics of Intracranial Lipomas 


LL TL Tees AS Teena RRAS 


7 eee site o. Lesion Location, Type CSA Hite Other Brain Anomalies Choroidal Extension 
a 0.3-0.5 T? 
1 Ant pericaliosal, bulky Yes Yes Hypoplasia of CC; SP Bilateral 
absent 
2 Pericallosal, ribbonlike Yes No Dorsal groove, CC R, from below 
3 Pericallosal, ribbonlike No No Mild hypoplasia of CC, No 
CSP, CV 
4 L CPA No No No ~ 
5 Sup cerebellar” No No No ~ 
6 Sup cerebellar? No No Mild hypoplasia of left 
inferior colliculus 
1.57 
7 Ant pericallosal, bulky Yes Yes Hypoplasia of CC Bilateral, contiguous 
8 Ant pericallosal, bulky Yes Yes Hypoplasia of CC Bilateral, contiguous 
9 Ant pericaliosal, bulky Yes Yes Hypoplasia of CC Bilateral, contiguous 
10 Ant pericallosal, bulky Yes Yes Hypoplasia of CC inadequate images 
11 Ant pericallosal, bulky Yes Yes Agenesis of CC, SP Bilateral, contiguous 
12 Ant pericallosal, bulky Yes Yes Hypoplasia of CC No 
13 Ant pericallosal, bulky“ Yes Yes Hypoplasia of CC Bilateral, contiquous 
14 Ant pericallosal, bulky Yes Yes Agenesis of CC, SP Bilateral, not contiguous 
L sylvian No No No No 
15 Ant pericaliosal, bulky Yes Yes Hypopiasia of CC Bilateral, contiquous 
7 R sylvian” Yes Yes No ~ 
al 16 Ant pericallosal, bulky Yes Yes Agenesis of CC, SP; No 
craniofacial dyspla- 
sia; frontonasal en- 
cephalocele 
17 Pericaliosal buttonlike Yes No Hypopiasia of splen- No 
ium 
18 Pericallosal, ribbonlike Yes Yes Hypoplasia of CC No 
19 Pericallosal, ripbonlike Yes No Hypoplasia of splen- Bilateral, contiquous 
ium, CSP 
20 Interhemispheric Yes No No No 
21 Velum interpositum No Yes No R, not contiguous 
22 Velum interpositum No No No No 
23 Sup cerebellar Yes No Mild hypoplasia, Sup ~ 
vermis 
24 Sup cerebellar Yes No No ~~ 
25 Sup cerebellar Yes‘ No Mild hypoplasia, Sup ~- 
vermis 
26 Sup cerebellar No No No ~ 
27 Sup cerebellar No No No ~ 
28 Quadrigeminal No No No ~ 
29 Quadrigeminal Yes No Hypoplasia, R inferior ~ 
colliculus 
30 Quadrigeminal Yes No Hypoplasia, R inferior = 
colliculus; aque- 
ductal stenosis 
31 Quadrigeminal No No No ~ 
32 Suprasellar (mamillary body) Yes No Hypopiasia of hypo- - 
thalamus/mamillary 
bodies 
33 Suprasellar (mamillary body) Yes No Inadequate images ~ 
34 Suprasellar (mamillary body) Yes No inadequate images ~ 
35 Suprasellar (tuber cinereum) No No No - 
36 Suprasellar (tuber cinereum) Yes No inadequate images = 
37 interpeduncular (second Yes No inadequate images ~ 
mamillary body compo- 
nent) 
38 R CPA? Yes Yes’ No ~ 
39 L CPA Yes No No ~ 
40 L IAC No Yes No ~ 
41 Lamina terminalis No No Agenesis of CC, SP; ~ 
sphenoid encepha- 
locele 
42 Prepontine” No° No Hypoplasia of pons ~ 
Note.—R = right; L = left; Ant = anterior; Sup = superior; CSA = chemical shift artifact; CC = corpus callosum; SP = septum pellucidum, CSP = cavum 
septum pellucidum; CV = cavum vergae: CPA = cerebellopontine angle; IAC = internal auditory canal. 


* Case 6, 0.3 T; cases 2-4, 0.35 T; cases 1 and 5. 0.5 T. 


° Biopsy proved. 


“Fat saturation images obtained as well. 
“No vessels: cranial nerve Vil or VIH seen within lesion. 
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Fig. 1.—Case 7. 

A and B, Midline sagittal (A) and coronal (B) 
T1-weighted images, 800/20/2, at 1.5 T reveal 
severe callosal hypoplasia (black arrows) and 
bulky, anterior lipoma with contiguous choroidal 
extension (white arrows). Note flow void in anterior 
cerebral artery. 


Fig. 2.—Case 3. Sagittal Ti-weighted image, 
500/40/1, at 0.35 T shows ribbonlike pericallosal 
lipoma and mild hypoplasia of dorsum of callosal 
body (arrow). 


Fig. 3.—Case 21. Sagittal T1-weighted image, 
800/15/1, at 1.5 T reveals lipoma of cistern of 
velum interpositum with retrosplenial tail. 





Fig. 4.—Case 6. 

A and B, Sagittal T1-weighted image, 477/30/4 
(A), and axial proton-density image, 2300/30/2 
(B), at 0.3 T reveal hypoplasia of both left inferior 
colliculus and superior vermis. 





A B 


Scattered accounts appeared until 1856, when Rokitansky esis of the intracranial lipoma; most of these hypotheses 
first reported a lipoma of the corpus callosum [3]. Over the appear to be untenable. In 1863, Virchow proposed hypertro- 
ensuing 63 years, numerous case reports and reviews on the phy of preexisting fatty tissues of the meninges, the existence 
subject of intracranial lipomas appeared [3-5, 9-18]. These of which had already been described by Chiari, and subse- 
reports have generated numerous theories on the pathogen- quently by others [2]. In 1887, Taubner proposed that lipomas 
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Fig. 5.—Case 25. 
A and B, Sagittal (A) and axial (B) T1-weighted images, 600/20/2, at 1.5 T show lipoma between inferior colliculi and draped over vermis. Note mild 
superior vermian hypoplasia (arrow). 


A 


Fig. 6.—Case 32. 
A and B, Sagittal (A) and coronal (B) T1-weighted images, 500/24/4, at 1.5 T reveal bilobed 
hypothalamic/mamillary body, suprasellar lipoma. Mamillary bodies are hypoplastic (arrows). 


Fig. 8.—Case 42. 

A and B, Sagittal (A) and axial (B) T1-weighted 
images, 600/20/1, at 1.5 T reveal surgically proved 
lipoma in prepontine cistern. Note pontine deformi- 
ty despite normal fourth ventricle (upper image in 
B with fat saturation). 
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Fig. 7.—Case 38. Coronal T1-weighted image, 
600/20/4, at 1.5 T shows seventh/eight cranial 
nerve complex coursing through surgically 
proved right cerebellopontine angle lipoma (ar- 
rows). 
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took their origin from within the brain substance, in the form 
of a lipomatous glioma [3, 10]. A third idea was suggested 
by Pugliese, who postulated that a transformation or meta- 
plasia of meningeal connective tissue resulted in a lipoma [2]. 

These three theories, however, do not adequately explain 
several features of the intracranial lipoma. For instance, how 
could simple hypertrophy account for the associated congen- 
ital brain anomalies so frequently seen in cases of intracranial 
lipoma? The meninges are not yet clearly elaborated at the 
time of major structural organization of the brain. Thus, were 
hypertrophy to be the operative mechanism, any relation to 
congenital brain anomalies would be purely coincidental, as 
the gross structure of brain would otherwise be properly 
formed by the time the meninges “hypertrophied.” Moreover, 
were hypertrophy to be the path of development, or were the 
lipoma to develop according to ideas of Taubner or Pugliese, 
would not the adjacent intracranial vessels, cranial nerves, 
and brain structures be displaced by, rather than incorporated 
within, the lipoma? As our results and those of most other 
authors show, such displacement is not the rule. Rather, the 
anterior cerebral vessels in the case of callosal lipomas, the 
middie cerebral branches in the case of sylvian lipomas, the 
trochlear nerve in the case of dorsal midbrain lipomas, and 
the seventh/eighth cranial nerve complex in the case of CPA 
cistern lipomas course through the lesions. In addition, the 
corpus callosum is not deformed secondary to mass effect; 
rather, it is hypogenetic. 

In 1897, Bostroem suggested that the lipoma be grouped 
with intracranial dermoid and epidermoid tumors [2, 3]. Ac- 
cordingly, he envisioned the lipoma as a displaced portion of 
the dermal anlage that differentiated into a lipoma while its 
other mesodermal elements receded. Bostroem’'s theory lost 
favor, however, as it too failed to account for the intralesionai 
cerebral vessels and cranial nerves, as well as the frequency 
of dorsal cisternal involvement of lipomas. A fifth theory of 
origin suggests fatty degeneration of proliferated glia. As 
Zettner and Netsky [3] point out, however, lipomas of the 
CNS, like those of other parts of the body, consist of mature 
univacuolar adipose cells, not a disordered mass of catabolic 
debris. 

The subsequent theory, of a mesodermal inclusion within 
the lips of the closing neural tube, finally addressed the 
question of associated congenital brain anomalies [2]. This 
idea holds that intracranial lipomas are part of a greater 
dysraphic state. Proponents of this concept tender the often- 
associated callosal hypoplasia and the rarely associated fron- 
tal bone defect with subcutaneous lipomatous extension as 
evidentiary support [11]. Unfortunately, this concept of dis- 
ordered neurulation actually raises more questions than it 
answers. For instance, were such an inclusion to occur, the 
lesion would be expected to be primarily, if not wholly, intra- 
ventricular, hence facing the “inside” of the neural tube, the 
future ventricles and central canal of the spinal cord. Second, 
such an inclusion would be expected to exhibit mass effect 
on the intracranial vessels and nerves. It is unlikely that such 
vessels and nerves would ever be found within the lesion. 
Third, while the concept of disordered neurulation does ad- 
dress the frequent association of callosal hypogenesis, the 
cisternal lipomas and, in particular, the nonmidline lesions are 
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not adequately explained by this notion. Finally, and most 
significantly, the proposed validation of this pathogenetic 
theory is the demonstration of lipomatous tracts to the sub- 
cutaneous tissues [11]. This finding, purportedly conferring 
proof that lipomas arise from without and must be entrapped 
within the neural tube, is actually the weakest evidence of all. 
Were such a mechanism operative, subcutaneous lipomatous 
extension would be the rule and not the exception. Such 
reasoning is simply at odds with the findings in almost all 
cases. The only possible exception is in the rare case of the 
sphenoid encephalocele, in which case abnormal disjunction 
at the anterior neuropore could be related to the development 
of an intracranial lipoma. Thus, in the vast majority of cases, 
not only are intracranial lipomas not mesodermal inclusions, 
they cannot be. 

The final theory of origin was first suggested by Verga [4] 
in 1929. Embracing Salvi’s concept of the meninx primitiva, 
Verga suggested a development disorder relating to the me- 
ninx, although he regarded the lesion as a tumor. Shortly 
thereafter, Krainer [5] elaborated on the concept of Verga. In 
his critical review of intracranial lipomas, Krainer noted the 
cisternal nature of lipomas and stressed their nonneoplastic 
behavior, respecting and incorporating, rather than displacing, 
the intracranial vessels and nerves. Moreover, Krainer was 
the first to see the predilection for certain intracranial lipomas 
to occur in cisterns, although he did not explain this finding. 

Discarding the prior pathogenetic theories, Krainer con- 
cluded that the concept of Verga was the most plausible. He 
suggested that an abnormal, persistent focus of meninx prim- 
itiva was somehow induced to differentiate into adipose and 
mature into a lipoma. This simple concept explains the sub- 
arachnoid, cisternal nature of intracranial lipomas; the ab- 
sence of other mesodermal derivatives, such as muscle and 
cartilage; and the intralesional location of vessels and nerves. 
if lipomas were truly maidifferentiated meninx, the vessels 
and nerves would be expected to course through, not around, 
the lipoma. Such is the case, whether the lesion be perical- 
losal, sylvian, quadrigeminal/superior cerebellar, or CPA in 
location. Thus, the lipoma is maldifferentiated subarachnoid 
“space,” and whatever courses through the cistern can course 
through the lipoma. 

Ehni and Adson [9] and List et al. [10] further elaborated 
on this theory. In reviewing Wassermann’s work on the fat- 
forming potential of neural crest, they noted that the meninx 
primitiva contains “primitive perivascular reticuloendothelium 
which, instead of subserving hematopoetic function, becomes 
specialized in the storage of fat” [10]. This finding of lipo- 
matous differentiation of meninx explains why disturbances 
in the resorption of meninx result in lipomas and verifies that 
it is not necessary to invoke mesodermal elements in the 
development of these lesions. 

Zettner and Netsky [3] addressed the matter of calcification 
and bone formation, common findings in intracranial lipomas. 
They stated that “the bony elements are foci of osseous 
metaplasia following calcification, a process frequently en- 
countererd elsewhere in the body.” As noted by Bailey and 
Bucy [19], bone formation within lipomas is membranous, not 
enchondral, and mesodermally derived bone and cartilage 
have not been reported. Hence, another feature of intracranial 
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lipomas had been explained. However, yet unanswered were 
the questions of the associated brain anomalies and prefer- 
ential sites. Regarding associated anomalies, Zettner and 
Netsky suggested a genetic etiology and considered the 
pericallosal lipoma and callosal hypogenesis as independent 
lesions. They did not address the predilection for certain 
cisternal locations, as their article focused only on pericallosal 
lipomas. 

The answer to these latter questions relates to the forma- 
tion of the subarachnoid cisterns, which was studied in great 
detail by Weed [20] in 1917. In his classic paper on the 
development of the cerebrospinal spaces, Weed cannulated 
both the lateral ventricle and central spinal canal of the pig 
embryo and replaced the CSF with potassium ferrocyanide 
and iron-ammonium citrate. He interpreted his findings as 
confirmation that the CSF is initially formed by the fourth 
ventricular choroid plexus. According to his experiments, CSF 
escapes the fourth ventricle via its thin dorsal wall and dis- 
sects through the extracellular space of the meninx primitiva. 
He postulated that the meninx resorbed as the CSF accu- 
mulated, leaving the subarachnoid cisterns. As a result of his 
Studies, in which dye initially collected dorsal to the fourth 
ventricle and then spread ventrally around the brainstem, he 
reasoned that the subarachnoid space forms in that same 
sequence. 

For over 70 years, the conclusions of Weed have been 
accepted. Unfortunately, scrutiny of his methodology reveals 
a Critical flaw: he presumed that all CSF was elaborated by 
the choroid plexus (an accepted fact at that time), and that 
only after rupture of the dorsal fourth ventricle could CSF 
escape to form the cisterns. This presumption is evident by 
his selection of catheter placement; he replaced only the 
intraventricular contents and noted the dye’s pattern of 
egress. However, if the cisterns had already started to form 
in areas other than the dorsal perirhombencephalic cisterns, 
his experiment would have yielded the same results. In fact, 
this appears to be the case. 

As several authors have pointed out, the fourth ventricular 
choroid plexus does not form embryologically until Carnegie 
stage 19 (approximately 48 days), while cavitation of the 
meninx has already started at least by stage 18 (44 days), 
and possibly as early as stage 14 (32 days) [6, 21]. in addition, 
Osaka et al. [21] have shown that the cisterns develop in an 
orderly fashion quite different from that described by Weed. 
As seen in Figure 9A, the earliest primitive subarachnoid 
Space appears ventral to the brainstem. With its progressive 
expansion, the future prepontomedullary cisterns and anterior 
spinal subarachnoid space are created. Dorsolateral exten- 
sion results in perimesencephalic and dorsal mesencephalic 
cisterns at stage 18 (41 days). 

Thus, before the fourth ventricular choroid plexus is elab- 
orated, much of the subarachnoid space has already started 
to form. At stage 18, the meninx remains in the areas dorsal 
to the future tectum, dorsal to the spinal cord, and anterior 
(both ventral and dorsal) to the telencephalon (Fig. 9B). By 
Stage 20, much of the meninx has resorbed, leaving concen- 
trations dorsal to the spinal cord, and lamina terminalis. By 
Stage 23, only the last compact collection of meninx remains, 
located rostral (dorsal) to the lamina terminalis (Fig. 9C). 
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With the demonstration by Osaka et al. of orderly formation 
of the cisterns in mind, it is now possible to explain the various 
preferential cisternal sites of intracranial lipomas. As the re- 
gion dorsal to the lamina terminalis is the last to clear, the 
window of opportunity for maldifferentiation of meninx is the 
greatest in this area. Hence, this is the most common site for 
intracranial lipomas to occur. Moreover, meninx is found 
within the banks of the lamina reuniens, the thickened dorsal 
portion of the primitive lamina terminalis that serves as a bed 
for ingrowth of the fibers of the corpus callosum (Fig. 10A) 
[22]. Persistence of such meninx could thus interfere with the 
proper closure of the sulcus medianus telencephali medii 
(SMTM) to form the massa commissuralis; furthermore, the 
degree of the resulting callosal hypoplasia would be related 
to the timing of the maidifferentiation of the meninx. An early 
problem, preventing formation of any massa commissuralis, 
would result in callosal agenesis. Maldifferentiation of the 
persistent meninx would result in either a lipoma of the cistern 
of the lamina terminalis or a bulky anterior interhemispheric 
lipoma, depending on the degree of meninx affected. A prob- 
lem occurring slightly later would permit the development of 
a rudimentary, hypogenetic corpus callosum and a bulky, 
anteriorly situated, pericallosal lipoma (Fig. 10B). Larger lipo- 
mas presumably are related to greater degrees of hypoge- 
nesis because a greater amount of interhemispheric meninx 
remains present adjacent to the SMTM at the time of maldit- 
ferentiation as compared with the more dorsal lipomas, which 
tend to be smaller and associated with lesser degrees of 
hypoplasia. In fact, in our series, the smaller ribbonlike, dorsal 
lipomas were associated with either a dorsal groove in the 
callosal body or a hypogenetic posterior body and/or splenium 
(Fig. 10C). Similarly, extension via the choroidal fissures into 
the lateral ventricular choroidal plexuses would be expected 
in a significant percentage of pericallosal lipomas, particularly 
the larger, anterior ones that result from greater quantities of 
meninx [8]. In contradistinction to the reported frequency of 
choroidal extension (20%), we observed such extension in 
73% of large anterior lipomas, 40% of smaller dorsal lipomas. 
and 62% overall. Finally, insults at stage 23 or 24, when 
nearly all the meninx has resorbed, minimally affect the corpus 
callosum, if at all, and result in a retrospienial buttonlike 
lipoma, or a lesion within the cistern of the velum interpositum. 

Other preferential sites of lipomas include the suprasellar 
and quadrigeminal/superior cerebellar cisterns. The pattern 
of dissolution of meninx described by Osaka et al. [21] would 
predict these locations, because the meninx remains concen- 
trated ventral to the telencephalon and dorsal to the future 
quadrigeminal plate until late in the formation of the subarach- 
noid cisterns. Hence, it is not surprising to find lipomas in 
these cisterns. 

Regarding suprasellar lipomas, it is interesting to note that 
all reported cases lie rostral to the expected location of 
Lillequist's membrane. In fact, of the 36 suprasellar lipomas 
reviewed by Verga [4], Krainer [5], Discepoli [23], and Wach- 
ter et al. [24], only one was reportedly situated within the 
interpeduncular cistern. That lesion, originally reported by 
deSteiger, was adjacent to the posterior perforated sub- 
Stance, rostral to Lillequist's membrane [5]. Our findings 
agree with this: five lipomas were suprasellar: one was inter- 
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Fig. 9.—A, Left lateral view of embryo at approximately Carnegie stage 14 (32 days, 5-7 mm) reveals earliest cavitation of meninx primitiva ventral to 
brainstem. CN = cranial nerve. 

B, At stage 18 (44 days, 13-17 mm), further dissolution of meninx has occurred; residual meninx is seen rostral to leptomeningeal septum, around (and 
between) telencephalic vesicles and dorsal to mes- and rhombencephali. 

C, In composite midsagittal section over stages 19-23 (48-57 days, 17-30 mm), meninx is still present rostral (dorsal) to lamina terminalis and probably 
within future quadrigeminal/superior cerebellar cistern. Note close proximity of choroidal fissure (arrow) to interhemispheric meninx, accounting for 
extension of lipomas into lateral ventricular choroid plexuses. Vent. = ventricle. 





A C 


Fig. 10.—A, Conceptual view of early corpus callosum shows thick commissural plate anteriorly where hemispheric transcallosal fibers have already 
traversed (straight arrow). More posteriorly, dorsal callosal groove (sulcus medianus telencephali medii [SMTM] of text) is deeper where ingrowth of 
fibers is still in early stage (curved arrows). As growth occurs, callosum thickens, meninx (not shown) dissolves, and groove fills in. SP = septum 
pellucidum. 

B, Interhemispheric meninx is contiguous with that of dorsal callosal groove. An insult at this early stage results in severe callosal hypoplasia; if meninx 
persists, a “pericallosal” lipoma may develop. 

C, At a later stage of callosal development, much of interhemispheric meninx has cavitated, leaving that of dorsal callosal groove. An insult at this 
stage would interfere with proper thickening of callosal body and splenium and result in dorsal ribbon lipoma or retrosplenial button. 


peduncular, yet dorsal to the expected location of Lillequist’s The fact that lipomas do not occur caudal to Lillequist's 
membrane. Moreover, that lipoma was associated with a membrane can be explained by its embryologic derivation. At 
secondiipoma of the mamillary body. Thus, to date, no lipoma approximately Carnegie stage 16 or 17, a condensation of 
hasbeen reported within the interpeduncular cistern, deep to meninx primitiva forms a leptomeningeal septum that will 
Lillequist's membrane, or in the prepontine cistern. become the medial extent of the future tentorium [6]. The 
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remainder of the tentorium is derived from pachymeningeal 
tissues. With maturation, the leptomeningeal medial portion 
regresses at approximately Carnegie stage 23 and later. Its 
vestige appears to be the thin arachnoid veil known as 
Lillequist's membrane, which separates the subarachnoid 
spaces of the telencephalon and diencephalon from those of 
the mesencephalon and rhombencephaion. Cavitation of the 
meninx primitiva secondary to expansion of the intercellular 
Space can proceed rostrally from the prerhombencephalic 
areas only as far as the leptomeningeal septum, since this 
process occurs before the regression noted in stage 23. The 
intercellular expansion is forced dorsolaterally, and only after 
bypassing the septum can the basal telencephalic and dien- 
cephalic cisterns develop. Hence, the meninx primitiva per- 
Sists longer in the suprasellar region and permits the errant 
lipoma to occur. Prior to this report, no lipomas have been 
reported deep (caudal) to the leptomeningeal septum, where 
the meninx cavitates early. Nevertheless, because meninx 
primitiva briefly fills the prerhombencephalic region, the po- 
tential exists for a lipoma to develop. The present series 
includes one such case (Fig. 8), which must represent a very 
unusual occurrence. 

In his review of lipomas of the tuber cinereum, Discepoli 
[23] noted distortion of the neural architecture and was unable 
to identify a clear boundary between the lipoma and the tuber 
cinereum in his two cases. Wachter et al. [24] noted deficient 
pia between the extraaxial lipomas and hypogenetic mamillary 
bodies. Thus, suprasellar lipomas are in accordance with the 
findings of Osaka et al. [21] regarding the dissolution of the 
meninx. As they are not inclusions, but malformations of the 
Subarachnoid spaces, lipomas would be expected to be as- 
sociated with hypogeneses of adjacent neural structures that 
would develop improperly because of the lack of regression 
of meninx primitiva. 

Similar findings relate to lipomas of the quadrigeminal/ 
Superior cerebellar cisterns. Maiuri et al. [25], in a review of 
26 previously reported cases and one of their own, noted a 
consistent relationship of dorsal mesencephalic lipomas to 
the inferior colliculus and, to a variable degree, the superior 
medullary velum, superior cerebellar peduncles, and superior 
vermis. The trochlear nerve usually passes through the lipoma 
as it does through the normal cistern. In our series, radio- 
graphically detectable abnormalities of the adjacent neural 
Structures were demonstrated in five of 11 lesions of the 
quadrigeminal/superior cerebellar cisterns, although we were 
unable to reliably detect the trochlear nerves either within or 
outside the lipomas. 

Finally, two additional sites merit attention. Less common 
than those already addressed are lipomas of the CPA and 
sylvian cisterns; both locations are consistent with the findings 
of Osaka et al. [21]. CPA lesions typically relate to the 
pontomedullary sulcus, wherein the meninx may be trapped 
despite its dissolution in the ventral rhombencephalic cisterns. 
Moreover, as the seventh and eighth cranial nerve complex 
passes through the cistern, one or both nerves may course 
through the lipoma and carry the lipoma to the IAC. 

Leibrock et al. [26] reviewed the 11 reported cases of CPA 
lipomas. They suggested that “lipomas usually occur at junc- 
tions between the segments of the central nervous system,” 


INTRACRANIAL LIPOMAS 863 


including the pontomedullary junction. As these junctions 
represent sites of neural tube flexion, they are sites of redun- 
dant meninx primitiva. Hence, they possess greater opportu- 
nity for the development of lipomas. These authors also noted 
incorporation of the eighth nerve within the lipoma in all cases. 
In our series, the images revealed such incorporation in two 
of the four CPA/IAC lipomas. 

Very few cases of sylvian lipomas have been reported. 
Dyck [27] noted branches of the middle cerebral artery (MCA) 
traversing the lipoma in a patient with auditory hallucinations. 
One of our cases demonstrated flow void within the lipoma 
representing MCA branches. While Dyck offered no informa- 
tion regarding pathogenesis, both the findings of Osaka et al. 
[21] and the suggestion of Leibrock et al. [26] of arachnoid 
(meninx) redundancy would appear to apply. 

Thus, by merging the initial concept of Verga of persistence 
and maidifferentiation of meninx primitiva with the data of 
Osaka et al. regarding the orderly dissolution of meninx and 
creation of the subarachnoid cisterns, a unified developmental 
concept is apparent. There remains, however, one final de- 
velopmental question: how can the rare lipomatous extension 
into the subcutaneous tissues be explained? Rather than an 
abnormality of inclusion, we concur with Kudoh et al. [28] and 
believe the opposite is more likely. in patients with midline 
facial dysraphism, there is likely secondary dehiscence of the 
future anterior cranium with the potential evagination of a 
small finger of meninx primitiva. In this way, the intracranial 
lipoma could be contiguous with a subcutaneous lipoma, or 
could be isolated if the vault subsequently excluded the two 
embryologically related segments. 

In general, intracranial lipomas are asymptomatic and re- 
quire no therapy. As noted above, both vessels and nerves 
typically course through the lipomas, making the surgical 
approach technically difficult and hazardous [12]. There are, 
however, two exceptions in which surgery does have a role. 
The first relates to the obvious cosmetic deformity conse- 
quent to the rare frontal lipoma. While removal of the extra- 
cranial component is feasible, extirpation of the intracranial 
lesion, contiguous or separate, should not be attempted. 
Nearly all cases of surgical removal of interhemispheric lipoma 
have yielded fatal results. 

The second situation refers to the rare association of 
hydrocephalus with a quadrigeminal cistern lipoma. including 
our patient, seven such cases have been reported [25]. ft 
remains unclear, however, what relationship, if any, exists 
between the lipoma and hydrocephalus. One possibility is 
compression of the inferior aqueduct secondary to somatic 
growth of the lipoma. Alternatively, the hydrocephalus may 
be due to inflammation with consequent adhesions resulting 
from a viral or chemical meningitis. A last possibility is that 
the aqueductal stenosis is congenital and unrelated. If unre- 
lated, however, we would not expect to see hydrocephalus 
exclusively in association with quadrigeminal lipomas, but in 
association with other intracranial lipomas as well. 

In conclusion, intracranial lipomas tend to occur in specific, 
characteristic locations within the brain. Furthermore, at least 
half of these lipomas are associated with other braj 
lies. We believe that these lesions are themsely 
malformations that result from abnormal 
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maldifferentiation of meninx primitiva during the development 
of the subarachnoid cisterns. The proposed theory, as ex- 
plained in this article, seems to explain all of the observed 
characteristics of these anomalies. 
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Demystifying Malformations 


Lucy B. Rorke’ 


Written records from earliest times contain fascinating, 
often lurid, descriptions of real or fanciful, grotesque malfor- 
mations of the human body. Some, purporting to report part 
human-part animal beings were uncritically accepted, along 
with documented examples of humans with two heads, horns, 
or tails. It was not until the first half of the 18th century that 
physicians attempted to separate the fictional creations of 
overwrought imaginations from objective observations [1]. 
Numerous external anomalies were described and were often 
ascribed to maternal shock during gestation or possibly to an 
expression of divine wrath or glorification [1]. 

Documentation of anomalies of all kinds was essentially 
limited to those that were externally obvious, as systematic 
dissection of the human body was not done until the 19th 
century, although sporadic reports of malformed internal or- 
gans appeared in the medical literature before that time. 
These were largely the contributions of anatomists such as 
Tulp, Morgagni, and Meckel: only later did pathologists add 
their descriptions of the gross and microscopic features of 
malformed visceral and nervous system organs. 

While this resulted in a plethora of detailed morphological 
descriptions of a seemingly endless number of anomalies, the 
majority were just that—descriptive. Attempts to explain the 
origin on an etiological-embryological basis were (and are) 
often uncritically accepted, although some were challenged 
with the result that several different theories were advanced 
to account for the same malformation. 

increasing refinements in genetic analyses have allowed 
association of one or more malformations with specific chro- 
mosomal defects, although even knowledge of such relation- 
ships does not necessarily provide insight into the specific 
aberrant embryological event(s) that is(are) responsible for 
the defect(s). 

Truwit and Barkovich [2] have provided their colleagues a 
superb lesson in combining morphologic observations (made, 
in this instance, by radiologic techniques) with a thorough 
knowledge of neuroembryology to arrive at a lucid concept of 
pathogenesis of these lesions. 

Lipomas within the intracranial cavity have traditionally been 
grouped with hamartomatous, malformative growths of the 


This article is a commentary on the preceding article by Truwit and Barkovich. 


CNS, but their frequent association with developmental anom- 
alies, particularly of the corpus callosum, has been docu- 
mented repeatedly [3-5]. The authors note that intracranial 
lipomas are neither hamartomas nor true neoplasms but 
rather congenital malformations. Actually, the collection of 
fatty tissues belongs in the category of a choristoma: that is, 
a mass of tissue histologically normal for an organ or part of 
the body other than the site at which it is located [6]. Evidence 
suggesting that this aberrant fatty tissue results from abnor- 
mal persistence and maldifferentiation of the meninx primitiva 
is convincing. 

A parallel but rarer meningeal dysplasia consisting of 
striated muscle fibers in subarachnoid space primarily around 
the pons is also characteristically associated with CNS malf- 
ormations typically involving posterior fossa structures [7]. in 
contrast to lipomas, the dysplastic muscle does not form an 
obvious mass, and can only be diagnosed by microscopic 
Study. Muscle in the leptomeninges is thought to result from 
dysplastic differentiation of the pleuripotential celis of the 
neural crest; this population of embryonic cells normally gives 
rise to striated muscle of the head. 

Other investigators of the embryopathogenesis of complex 
CNS malformations would do well to follow the superb exam- 
ple set by Truwit and Barkovich if they wish to demystify 
developmental processes that have gone awry. 
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MR Imaging of the Postoperative 
Lumbar Spine: Assessment with 
Gadopentetate Dimeglumine 





This study defines the accuracy of gadopentetate-dimeglumine—enhanced MA imag- 
ing in patients with failed back surgery syndrome by comparing the imaging studies 
with surgical findings in a large patient population. From June 1988 to March 1989, 193 
postoperative patients had MR imaging of the lumbar spine both with and without 
contrast administration. Of this group, 27 had repeat surgery at 31 levels: these patients 
comprise the study group. Postcontrast MR diagnoses were as follows: scar anly {n = 
4), disk only (n = 13), scar and disk (n = 9), and no aberrant epidural tissue {n = 5). 
Surgical diagnoses differed from the MR diagnoses in two patients at two levels. in one 
patient, disk was diagnosed on MR while osteophyte was present ai surgery. in the 
other patient, scar only was diagnosed by MR but disk and scar were present at surgery. 
These data, when combined with the authors’ previous experience, give pre- and 
postcontrast MR a 96% accuracy in differentiating scar from disk in 44 patients at 50 
reoperated levels. 

For patients 6 or more weeks past surgery, sagittal and axial T1-weighted MA imaging 
before and after administration of gadopentetate dimegiumine is an effective method of 
evaluating the postoperative lumbar spine. 


AJNR 11:771-776, July/August 1990; AJA 155:867-872, October 1990 


Our initial evaluation of the use of gadopentetate dimeglumine (formerly called 
Gd-DTPA) (Magnevist, Berlex Laboratories, Inc., Cedar Knolls, NJ) in 17 patients 
with failed back surgery syndrome demonstrated that the use of that contrast 
materiai allowed accurate differentiation of epidural scar from recurrent disk hernia- 
tion [1]. Epidural scar tissue was seen to consistently and intensely enhance while 
disk material did not enhance on early postinjection T1-weighted images. However, 
while the results with contrast were excellent, the series was limited by a relatively 
smali study group. It is the purpose of this paper to remedy that shortcoming by 
updating the series of postoperative patients who have been evaluated with 
gadopentetate dimeglumine and in whom there is surgical correlation stemming 
from repeat surgery. 


Materials and Methods 


From June 1988 to March 1989, 193 patients had MR imaging of the lumbar spine both 
with and without gadopentetate dimegiumine. Of these postoperative patients, 27 had a 
second operation, and they comprise the present study group. The group consisted of 16 
men and 11 women, 28 to 77 years old (mean, 48). The time from previous surgery varied 
from 1 month to 17 years (mean, 4 years). Informed consent was obtained in all cases. 

Examinations were performed on either a 1.0- or 1.5-T superconducting magnet (Magne- 
tom; Siemens, Iselin, NJ) using a 12-cm diameter planar circular surface coil operating in the 
receive mode. Patients were examined with the following sequences before and after 
administration of 0.1 mmol/kg gadopentetate dimegiumine: sagittal Ti-weighted spin-echo 
(SE), 400/17 (TR/TE) images, and axial T1-weighted SE 500-800/17 images. The imaging 
matrix was 256 x 256, with a 4-mm section thickness, 2-mm gap, and four excitations. An 
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IV line or heparin lock was placed prior to positioning the patient 
within the magnet, allowing contrast injection without patient motion. 
Postcontrast imaging was started immediately upon completion of 
the contrast injection. Postcontrast imaging was completed within 20 
min after injection. Axial images were generally obtained before the 
sagittal sequences. Delayed T1-weighted images (more than 20 min 
after injection) and T2-weighted SE images were not obtained. 

MR images were evaluated for the presence or absence of abnor- 
mal epidural soft tissue, which was then characterized by signal 
intensity, location, mass effect, and contiguity to the intervertebral 
disk. As in our previous study, the presence or absence of enhance- 
ment within abnormal epidural soft tissue on early postinjection 
images was the major diagnostic criterion used to distinguish scar 
from disk [1]. Abnormal epidural tissue that did not enhance was 
classified as disk whereas tissue that did enhance was classified as 
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scar. Central nonenhancing mass surrounded by enhancement was 
classified as disk surrounded by scar. 

After MR imaging, all 27 patients were reexplored surgically at the 
site of the abnormality seen by MR. Mean time between MR imaging 
and repeat surgery was 27 days (range, 1-90). In all cases, the 
surgeon was aware of the preoperative MR findings. The surgical 
findings, such as location and nature of abnormal epidural tissues, 
were correlated with the preoperative MR interpretations. 


Results 


Postcontrast MR diagnoses for the 27 patients (31 levels) 
were as follows: scar only (n = 4) (Fig. 1), disk only (n = 13), 
scar and disk (n = 9) (Figs. 2-4), and no aberrant epidural 


Fig. 1.—Epidural scar. 

A, Sagittal T1-weighted (500/20) precontrast 
MR image shows a large amount of abnormal 
tissue within epidural space at L4-L5 through 
L5-S1. 

B, Sagittal T1-weighted postcontrast MR im- 
age shows diffuse and intense enhancement 
throughout epidural tissue, consistent with scar. 


Fig. 2.—A, Sagittal T1-weighted (500/20) pre- 
contrast MR image shows a well-defined, poly- 
poid mass extending superiorly from L4-L5 disk 
space, typical of a free disk fragment (arrow). 

B, Sagittal T1-weighted postcontrast MR im- 
age shows a faint rim of peripheral enhancement 
of disk fragment, consistent with a small amount 
of scar tissue. In this case, little additional di- 
agnostic information is gained with the admin- 
istration of contrast material. 
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Fig. 3.—A, Sagittal T1-weighted (500/20) pre- 
contrast MR image shows a more ill-defined soft- 
tissue mass anteriorly within epidural space at 
L5-S1 (arrow). 

B, Sagittal T1-weighted postcontrast MR im- 
age shows enhancement of peripheral scar tis- 
sue, with a central nonenhancing herniation. The 
diagnosis is greatly aided by the enhancement 
pattern. 


Fig. 4.—A, Sagittal T1-weighted (500/20) pre- 
contrast MR image shows a very ill defined an- 
terior epidural soft-tissue mass at L4-L5 level 
(arrow), with slight mass effect upon the anterior 
thecal sac. Differentiation of scar from disk is 
not possible. 

B, Sagittal T1-weighted postcontrast MR im- 
age clearly defines the central nonenhancing 


herniation, surrounded by enhancing scar tissue. 


Fig. 5.—A, Axial T1-weighted (500/17) pre- 
contrast MR image at L4-L5 shows an apparent 
left lateral disk herniation (arrow). 

B, After contrast administration, mass shows 
faint medial enhancement (arrow). At surgery, 
an osteophyte was found, but no disk material. 
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tissue (n = 5). Surgical diagnoses differed from the MR 
diagnoses in two patients at two levels. In one patient, a 
herniated disk was diagnosed on MR, but an osteophyte was 
present at surgery (Fig. 5). In the other patient, scar only was 
diagnosed by MR, but herniated disk and scar were present 
at surgery (Fig. 6). The patients with scar only or no aberrant 
epidural tissue had repeat surgery for posterior fusions, for- 
aminal stenosis, or takedown of fusion nonunion. Scar tissue 
was explored in these cases to exclude disk material. 

This series, combined with the 17 patients we reported 
previously [1], brings to 44 the total number of failed back 
surgery syndrome patients with surgical confirmation follow- 
ing MR with and without contrast, at 50 reoperated levels. 
Totals for the postcontrast diagnoses at the 50 levels include 
scar only (n = 9), disk only (n = 15), scar and disk (n = 19), 
and no aberrant tissue (n = 7). Contrast-enhanced MR was 
correct in 48 of 50 levels (96%) when correlated with surgical 
results. 

At all nine levels with scar only, scar consistently enhanced 
early following injection. Scar tissue was contiguous with the 
disk space in four of the nine levels, and exhibited mass effect 
in four levels. No mass effect upon the thecal sac was present 
in the remainder. At none of the 15 levels with herniated disk 
only did the disk material exhibit early enhancement. Mass 
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effect from the disk material was seen at all 15 levels. In the 
patients with disk and scar, scar consistently enhanced in all 
19 levels, while the more central disk material did not enhance 
in 18 of the 19 levels. Mass effect was present in all 19 levels. 


Discussion 


The differentiation of herniated disk material from epidural 
fibrosus (scar) is critical in postoperative patients who con- 
tinue to have pain. Repeat surgery on only epidural scar 
tissue when no disk material is present leads to a poor surgical 
result [2, 3]. 

This study supports our initial conclusion that gadopente- 
tate-dimeglumine-enhanced MR imaging is an effective 
method of distinguishing recurrent disk herniation from epi- 
dural scar in 96% of cases [1]. Other investigators have 
confirmed the intense enhancement of scar with gadopente- 
tate dimeglumine [4]. 

Unenhanced MR imaging has been reported to have an 
accuracy comparable to enhanced CT [1, 5]. More recently, 
Sotiropoulos et al. [6] used unenhanced MR to correctly 
predict scar vs disk in 11 of 14 levels based on signal intensity. 
Hochhauser et al. [7] suggested that configuration and mar- 
gination were also important determinants for scar vs disk. In 


Fig. 6.—A and B, Axial T1-weighted (500/17) 
precontrast MR images show extensive epidural 
soft tissue circumferentially around the thecal 
sac, with a bulging intervertebral disk. 

C and D, Images obtained within 20 min after 
contrast injection show diffuse enhancement of 
epidural soft tissue consistent with scar. En- 
hancement of anulus is also present (arrow in 
D). At surgery, there was extensive scar tissue, 
but an anterior right-sided herniated disk was 
also present. 
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their study, preoperative MR findings agreed with surgical 
findings in 13 of 17 patients in whom recurrent herniations 
had a smooth, polypoid configuration and scar had an irreg- 
ular, unsharp margination. These investigators also noted a 
hypointense rim outlining the herniations, which is in agree- 
ment with our findings on T2-weighted images [1]. This 
hypointense rim may represent the combination of posterior 
longitudinal ligament and outer anular fibers surrounding the 
herniated disk material. However, unenhanced MR suffers 
from the necessity of having T2-weighted images with poor 
signal-to-noise and long acquisition times. Additionally, the 
signal-intensity changes associated with epidural scar may 
be subtle on T2-weighted images. in contradistinction, scar 
enhancement with gadopentetate dimegiumine is intense and 
generally unmistakable. 

in our series, the preoperative MR diagnosis was incorrect 
in two cases. In one case, a low signal intensity extradural 
lesion was called disk when only osteophyte was found at 
surgery. The nonspecificity of MR in the distinction of hard or 
soft disk versus osteophyte has been recognized [8]. In the 
second case, scar only was diagnosed by MR, but disk and 
scar were present at surgery. We do not know the cause for 
the misdiagnosis in this case, but factors to be considered 
include partial volume averaging of disk material with sur- 
rounding enhancing scar and early enhancement of small 
fragments of disk material surrounded by vascularized scar 
tissue. Epidural scar has the ability to absorb or “digest” disk 
material, and this response is most intense in the prolapsed 
portion of the disk [9]. It has been hypothesized that this disk 
absorption accounts for the relief of symptoms with time. 
ingrowth of vascularized granulation tissue into the herniated 
disk margin is common, and considered by some pathologists 
to be a reliable marker that disk prolapse has occurred [10]. 
This ingrowth of scar tissue into the disk material could cause 
enhancement of the disk and a false-negative diagnosis. 

Within the first 6 weeks following surgery, the use of 
contrast material in patients, and the use of MR in general, 
remains questionable. Previous studies have shown dramatic 
changes in the epidural space immediately after surgery that 
may mimic the signal intensity changes of the preoperative 
disk herniation. These changes usually resolve by 6 weeks 
after surgery, at which time the thecal sac and anterior 
epidural space have returned to their normal morphology 
without mass effect upon the thecal sac [11]. We have 
insufficient numbers in this series to make a firm statement 
about the use of contrast in this subgroup. 

Several points concerning the technique deserve further 
comment. First, obtaining images in the sagittal and axial 
planes before and after contrast administration is extremely 
useful in establishing a diagnosis. Partial volume effects that 
are present in one plane may not occur in the other. The 
sagittal view of the foramen after contrast administration 
allows distinction of postforaminotomy scar from new fora- 
minal herniation/osteophyte. Second, it is important for the 
patient to maintain the same position before and after contrast 
administration so that the images may be compared effec- 
tively. For this reason, an IV line is placed with a long exten- 
sion tube (or a heparin lock) to allow injection of contrast 
while the patient is still within the magnet. Third, scanning 
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should begin immediately after injection of contrast to avoid 
late enhancement of disk material. Generally, the axial T1- 
weighted images are obtained first. However, both imaging 
planes are useful in the evaluation of the extradural disease. 
There has been no gross disparity in the appearance of 
epidural disease on the postcontrast sagittal and axial images, 
despite the differences in elapsed time since the injection 
(approximately 10 min). Fourth, while T2-weighted images 
are up to 89% accurate in distinguishing scar from disk 
material, contrast-enhanced MR is even more accurate [1]. 
We do not obtain T2-weighted spin-echo images in the post- 
operative population unless there is a question of disk space 
infection or epidural abcess. 

In our population, anterior epidural scar consistently en- 
hanced, regardiess of the amount of time that had elapsed 
between imaging and surgery. There are a couple of possi- 
bilities why this occurs. It may not mean that scar tissue that 
enhances in a patient 17 years after diskectomy is, in fact, 17 
years old. We have observed a mixture of scar tissue ages in 
these patients, varying from granulation tissue to cicatrized 
“mature” scar. It may be more likely that the degenerative 
disease process that caused these individuals to again seek 
treatment (and subsequent imaging) has incited new scar 
tissue formation, which enhances. Scar tissue can be inti- 
mately associated with disk herniations in the previously 
unoperated patient, and will enhance in much the same 
manner as scar tissue in the postoperative patient [12]. 
Clearly, the scar tissue present in these postoperative pa- 
tients is not solely due to the operative trauma, but is also in 
some measure generated as the body’s response to the 
herniated material, if a herniation is present. One other con- 
cern regarding epidural scar enhancement is whether anterior 
epidural scar can be considered equivalent (from an imaging 
or physiologic standpoint) to other areas of epidural scar 
formation, such as posterior to the thecal sac. We have shown 
that a simple lumbar laminectomy in dogs will produce abun- 
dant posterior epidural scar tissue, but this scar tissue will 
not follow the time course of enhancement of anterior epidural 
scar. Posterior epidural scar tends to show a rapid decline in 
the amount of enhancement present over a period of 4 
months, unlike the consistent enhancement seen in anterior 
epidural scar [13]. The reason for this difference is unknown, 
but could relate to the close physical relationship of anterior 
epidural scar to the intervertebral disk, and to the process of 
disk degeneration. 

Epidural scar, and not just disk material, is capable of 
showing mass effect upon the thecal sac. The enhancement 
characteristics, in our experience, are more diagnostically 
useful than the presence of mass effect from an ill-defined 
anterior epidural soft tissue in distinguishing scar from disk 
material. Retraction of the thecal sac toward aberrant epidural 
soft tissue can be a helpful sign of scar when present. 
Obviously, no morphologic sign should be ignored. However, 
the presence or absence of mass effect should be a second- 
ary consideration when compared with presence or absence 
of enhancement. 

In patients 6 or more weeks past surgery, gadopentetate- 
dimeglumine—enhanced MR is an effective method of evalu- 
ating the postoperative lumbar spine. Following an MR study, 
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unenhanced CT might be an appropriate second study in 
those cases in which there is a question of disk material 
versus osteophyte. In this manner, invasive myelography may 
be eliminated from the workup of this difficult postoperative 


group. 
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Benign Lumbar Arachnoiditis: MR 
Imaging with Gadopentetate Dimeglumine 





MR imaging was performed in 13 patients with benign lumbar arachnoiditis both 
before and after IV injection of gadopentetate dimeglumine. The arachnoiditis was 
proved by previous myelography in 12 patients and by noncontrast MR imaging in one 
patient. The disease was presumably the result of previous myelography and/or surgery. 
it was characterized as mild in two patients, moderate in two patients, and severe in 
nine patients. Imaging was performed on a 1.5-T unit, and both short and iong TR 
images were obtained before and after contrast administration. Noncontrast MR images 
demonstrated changes consistent with arachnoiditis in ail patients. After contrast, three 
patients had no enhancement, three patients had minimal enhancement, three patients 
had mild enhancement, and four patients had moderate enhancement. in no case did 
contrast enhancement alter the diagnosis or reveal additional findings that could not be 
seen on the noncontrast images. 

Gadopentetate dimeglumine enhancement plays little role in the diagnosis of lumbar 
arachnoiditis. If used for another reason, however, short TR scans may show enhance- 
ment of adherent roots in some cases. in addition, administration of gaciopentetate 
dimegiumine will not cause sufficient enhancement to hinder the detection of arachnoid- 
itis on long TR images and may aid in recognition of adherent roots on short TR images. 


AJNR 11:763-770, July/August 1990; AJR 155:873-880, October 1990 


Previous work has shown the utility of gadopentetate dimegiumine in the MR 
imaging evaluation of neoplastic extradural, intradural, extramedullary, and intra- 
medullary spinal disease [1-7]. Gadopentetate dimeglumine enhancement has also 
proved of great benefit in the postoperative spine for differentiating recurrent or 
residual disk herniation from scar [8]. However, the role of gadopentetate dimeglu- 
mine, if any, in the detection or characterization of benign lumbar arachnoiditis has 
not been established. in this study, we sought to determine if gadopentetate 
dimeglumine can aid in the evaluation of lumbar arachnoiditis. 


Subjects and Methods 


Thirteen patients with lumbar arachnoiditis were included in this study. in 12 cases the 
disease was proved by previous myelography. The time between myleography and MR 
ranged from approximately 3 years (three patients) to less than 6 weeks {seven patients). in 
one patient findings of lumbar arachnoiditis were present on noncontrast MR images. 

Eleven patients had had previous lumbar spine surgery followed by intractable low back 
pain and/or radicular pain with variable degrees of functional disability. Al 13 patients had 
had previous myelography, 11 with iophendylate (Pantopaque). Four had residual Pantopaque 
within their thecal sacs. 

Arachnoiditis was categorized on myelograms as mild (two patients), moderate (two 
patients), or severe (eight patients). It was considered mild if myelography showed an absence 
of filling of single or multiple nerve root sleeves and segmental nerve root fusion. Moderate 
arachnoiditis, in addition to a lack of nerve root sieeve filling, also demonstrated muiltiseg- 
mental nerve root fusion or a featureless thecal sac secondary to peripherally adherent nerve 
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roots. Severe arachnoiditis exhibited a large cordlike mass of nerve 
roots, a soft-tissue mass filling the thecal sac, or myelographic block. 
The patient in whom arachnoiditis was proved by noncontrast MR 
was considered to have severe disease on the basis of the finding of 
a multisegmental cordlike mass of adherent roots. 

MR imaging was performed on superconductive magnets operat- 
ing at 1.5 T in 12 patients and at 0.6 T in one patient. Surface coils 
were employed in all studies. Using the 1.5-T unit, we obtained short 
TR axial images with parameters of 400-800/20/2~-4 (TR/TE/exci- 
tations), 5-10 mm slice thickness, 16-20 cm field of view (FOV), and 
a 256 x 256 matrix. Short TR sagittal images were acquired at 400- 
600/20/2-4, with a 3-5 mm slice thickness, 22-28 cm FOV, and a 
256 x 256 (10 patients) or 256 x 192, (one patient), or 256 x 128 
(one patient) matrix. Multiecho long TR sagittal images were obtained 
at 2000/35,70 (seven patients), 2000/40,80 (one patient), 2000/30,80 
(one patient), 2000/30,90 (one patient), and 1800/35,70 (two pa- 
tients), with a 3-5 mm slice thickness, 22-28 cm FOV, 1-2 excita- 
tions, and a 256 x 256, 256 x 192, or 256 x 128 matrix. Long TR 
axial images were acquired using similar parameters with the excep- 
tion that either 5- or 10-mm-thick slices were obtained using a 16- 
20 cm FOV and 2 excitations. In one patient gradient-echo axial 
images were obtained at 450/17 with a 20° flip angle. Gradient- 
moment nulling techniques were employed during acquisition of the 
long TR images, while presaturation techniques were used for the 
short TR sequences. For the single patient studied at 0.6 T, the 
following parameters were used: short TR sagittal images were 
obtained at 500/35/4 with a 3-mm slice thickness, a 28-cm FOV, and 
256 x 192 matrix. Short TR axial images were obtained similarly but 
at 750/35. Long TR sagittal images were acquired at 2000/40,80/2 
with a 3-mm slice thickness, 28-cm FOV, and 256 x 128 matrix. No 
long TR axial images were acquired owing to patient discomfort. 

Both short and long TR images were obtained before and after 
contrast administration in the first six patients studied. Short TR 
sagittal and short TR axial images were acquired followed by long 
TR sagittal and long TR axial images. After these sequences were 
completed, 0.1 mmol/kg of gadopentetate dimeglumine was injected 
intravenously. After the injection, short TR axial and short TR sagittal 
scans were acquired followed by long TR sagittal and long TR axial 
images. The long TR postcontrast images were omitted in the last 
six patients when it became clear from the earlier examinations that 
there was no discernible difference between the noncontrast and 
contrast-enhanced long TR images and that the postcontrast se- 
quences did not add to the detection of arachnoiditis. In one patient, 
long TR sagittal and gradient-echo axial images were obtained after 
contrast injection. Also, postcontrast long TR axial images could not 
be obtained in one patient early in this study owing to fatigue from 
the long time spent in the scanner. Actual imaging time for the majority 
of patients ranged from approximately 60-90 min with the examina- 
tion time ranging from 134 to 3% hr. 

The images were evaluated as follows: First, the unenhanced 
images were assessed for findings indicative of arachnoiditis [9]. 
Second, the unenhanced and enhanced short TR images were sub- 
jectively compared for evidence of enhancement associated with 
arachnoiditis. The contrast-enhanced images were scored on a scale 
of 0-3: 0 indicated absence of enhancement, 1 = minimal enhance- 
ment, 2 = mild enhancement, and 3 = moderate enhancement. Only 
the presence of enhancement of adherent nerve roots or of the soft- 
tissue mass within the thecal sac was evaluated. Enhancement of 
the dural tube secondary to peripherally thickened meninges or 
peripherally adherent nerve roots was seen in seven patients. How- 
ever, in view of the history of previous surgery, this finding was not 
used to determine if there was enhancement associated with arach- 
noiditis. Third, the pre- and postcontrast long TR images in the initial 
patients were also compared to determine if contrast administration 
might interfere with the detection of arachnoiditis on long TR images. 
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Finally, the contrast-enhanced MR findings were compared with the 
severity and chronicity of the patients’ symptoms and with the results 
of the CSF analysis, if available. Specifically, any correlation between 
the clinical histories and the presence or absence of enhancement 
was sought. 


Results 


The results are summarized in Table 1. MR findings con- 
sistent with changes of arachnoiditis were found in all pa- 
tients. These included clumps of adherent roots centrally 
located within the thecal sac, peripherally adherent nerve 
roots with resultant thickened meninges giving rise to an 
“empty” thecal sac, and a soft-tissue mass replacing the 
subarachnoid space [9]. In general, the MR appearance cor- 
related weil with that of myelography and postmyelographic 
CT, although three of the seven patients with severe arach- 
noiditis had myelographic block that could not be accurately 
predicted by MR. 

In the two patients with mild arachnoiditis, no enhancement 
of adherent roots demonstrated on the noncontrast MR scans 
was seen in one and minimal enhancement was seen in the 
other. Minimal enhancement was seen in one patient with 
moderate arachnoiditis, while moderate enhancement was 
found in the other. Of the nine patients with severe arach- 
noiditis, two showed no enhancement, one had minimal en- 
hancement (Fig. 1), three had mild enhancement (Fig. 2), and 
three were judged to have moderate enhancement (Figs. 3 
and 4). In no patient was intense enhancement seen after 
contrast infusion, and in no case did contrast enhancement 
alter the diagnosis or reveal findings indicative of arachnoiditis 
that could not be seen on the noncontrast images. in five 
patients, however, clumped nerve roots were easier to rec- 
ognize on the enhanced images because of greater CSF- 
nerve root contrast. 

Aggregates of adherent nerve roots were most easily rec- 
ognized on long TR axial images, although in no cases were 
centrally clumped roots shown on long TR images that were 
not evident on the short TR axial images. An amorphous soft- 
tissue mass replacing the subarachnoid space was more 
easily recognized on the short TR images, however. In two 
patients, inhomogeneous signal intensity was present on the 
long TR images, although the fact that an amorphous soft- 
tissue mass filled the thecal sac was not obvious. In another 
patient, the soft-tissue mass could be recognized on the long 
TR/short TE images but not on the long TR/long TE images. 

Short TR sagittal images were the least sensitive to the 
detection of centrally clumped roots. In the two patients who 
had mild arachnoiditis with only segmentailly adherent nerve 
roots within the thecal sac, no abnormality was discernible 
on the sagittal images. No qualitative difference between long 
TR images obtained before or after contrast injection was 
observed. 

There was inconsistent correlation among the severity and 
chronicity of the patients’ symptoms, CSF protein analysis, 
and contrast-enhanced MR findings. MR findings of severe 
arachnoiditis were seen most often in patients with more 
severe and chronic disabilities. Enhancement, however, was 
variable. Six patients with severe disability (chronic low back 
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TABLE 1: Myelography, Postmyelographic CT, and MR Findings in Lumbar Arachnoiditis 


Case No. 


10 


11 


12 


13 


Age 
(years) 


50 


37 


41 


31 


54 


51 


63 


48 


55 


59 


68 


45 


66 


Sex 


M 
F 


Degree of Arachnoiditis 


on Myelographic/ 


Postmyelographic CT 


Mild 


Severe with block 


Severe 


Mild 


Severe 


Severe 


Severe with block 
at L3 


Severe with block 
at L3 


Moderate 


Moderate 


Severe 


Severe 


MR Findings 





Focally clumped nerve 


roots at L3. 
Centrally and 
peripherally 
adherent roots at 
L3 and S1; 
loculation in thecal 
sac at L4—L5 at site 
of myelographic 
block 
Central cordlike nerve 
root mass from L2 
through L4; 
“empty” thecal sac 
from L4 through $1 
Focally adherent roots 
at l4 
Centrally clumped 
roots from L4 
through $1; 
stenosis at L4-L5 
with irregularly 
tapered distal sac 
Peripherally adherent 
nerve root mass at 
L3; amorphous 
soft-tissue mass 
filling sac from L4 
through $1 
Amorphous soft- 
tissue mass filling 
thecal sac from L3 
through $1 
Amorphous soft- 
tissue mass filling 
sac from L3~L4 
through L5~-S1 
Centrally and 
peripherally 
clumped roots at L3 
and L4; “empty” 
thecal sac below L4 
Centrally clumped 
roots from L2 
through L4; 
“empty” thecal sac 
from L4 through S1 
with peripherally 
adherent roots 
ill-defined soft-tissue 
mass filling thecal 
sac from L2 
through L4; 
centrally clumped 
roots at L4-L5 with 
peripherally 
adherent roots from 
L4—L5 through $1 
Focally clumped roots 
at L2 and L3; 
cordlike mass of 
adherent roots at 
L4 and L5 
Eccentric cordlike 
nerve root mass 
from L2 through L5 


Enhancement 
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TT ORNAS: 


875 


JOHNSON AND SZE AJR:155, October 1990 


876 


Fig. 1.—Case 11. Severe arachnoiditis with 


minimal enhancement. 

A and B, Short TR images (600/20) of lumbar 
spine before (A) and after (B) contrast adminis- 
tration show severe arachnoiditis with minimal 


enhancement. 










Fig. 2.—Case 3: Severe arachnoiditis with mild enhancement. 
A, Lateral view of lumbar myelogram shows a thick cord of adherent nerve roots within thecal sac. No nerve roots are identified within thecal sac below 


level of L5. 
B, Sagittal long TR image (2000/70) shows thick cord of nerve roots within thecal sac closely corresponding to myelographic appearance. 
C-F, Cordlike mass of nerve roots is seen faintly within thecal sac on precontrast sagittal (C) and axial (D) short TR images (600/20). On postcontrast 


images (E and F) there is minimal to mild enhancement of this nerve root cord (arrow in E). 
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Fig. 3.—Case 7: Severe arachnoiditis with moderate enhancement. 
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C 


A, Lateral view of lumbar myelogram shows irregular collection of contrast within the most distally filled aspect of thecal sac, thickened nerve roots, 


and block at L3-L4. 


B and C, Sagittal precontrast (B) and postcontrast (C) short TR images (500/20) of lumbar spine. After contrast infusion there is inhomogeneous, 
amorphous enhancement of contents of thecal sac. Note also the marked enhancement of postoperative scar posterior to thecal sac at the site of previous 
laminectomy, and enhancement of the epidural venous plexus and/or postoperative scar posterior to L3 and L4 vertebral bodies. 


and radicular pain, leg weakness, gait disorder, and inconti- 
nence) demonstrated centrally clumped nerve roots or an 
amorphous distal thecal sac mass; yet, enhancement ranged 
from none (two patients) to moderate (two patients). One 
patient with severe disability had only mild arachnoiditis, which 
did not enhance. The five patients with symptoms moderate 
in severity (chronic low back and multilevel radicular pain and 
paresthesias) showed MR findings of moderate to severe 
arachnoiditis with minimal to moderate enhancement. One 
patient with mild symptoms had mild arachnoiditis with mini- 
mal enhancement. Similarly, little correlation was seen be- 
tween the chronicity of patients’ symptoms and the contrast- 
enhanced MR findings. Patients with more chronic symptoms 
(greater than 5 years) had MR findings of severe arachnoiditis 
with no to moderate enhancement, while those with less than 
a 5-year history had mild to severe arachnoiditis with variable 
degrees of enhancement. 

CSF protein analysis was available in nine patients. The 
protein was normal in six patients with mild to severe arach- 
noiditis with variable enhancement. One patient with mildly 
elevated CSF protein (62 mg/dl) had severe arachnoiditis with 
mild enhancement. Two patients with markedly elevated pro- 
tein (306 and 1110 mg/dl) had severe arachnoiditis with 
minimal and no enhancement, respectively. The patient with 


the protein of more than 1000 mg/dl had lumbar myelographic 
block secondary to arachnoiditis and cervical block related to 
a Chiari malformation. The protein returned to normal after 
decompressive cervical laminectomy. 


Discussion 


Chronic adhesive arachnoiditis stems from a variety of 
causes, including agents injected into the subarachnoid space 
(contrast media, anesthetic agents, and intradural steroids), 
infection, trauma, intradural or extradural surgery, and in- 
trathecal hemorrhage [10]. All of the patients in this study 
had previous myelography and 11 had previous surgery. 
lophendylate (Pantopaque) had been used for myelography 
in 11 patients including the two patients with no prior surgery. 
One of the patients without prior surgery had also received 
multiple facet blocks and steroid injections. 

The initial inflammatory response in the development of 
arachnoiditis consists of a fibrinous exudate with a minimal 
vascular inflammatory cellular reaction [10]. In the absence of 
cell-released fibrolytic enzymes, the fibrin-coated nerve roots 
and arachnoid membrane adhere to one another. Subse- 
quently, collagenized adhesions are formed by proliferating 
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fibroblasts leading to the well-recognized myelographic find- 
ings of arachnoiditis. 

On myelography mild arachnoiditis may show only lack of 
filling of one or more nerve root sleeves, segmental nerve 
root fusion, and small irregularities of the contrast column 
[11]. Progression of nerve root fusion with peripheral adher- 
ence of the nerve roots to the dural tube leads to the appear- 
ance of the so-called “featureless” or “empty” thecal sac. With 
more severe arachnoiditis, progression of nerve root clumping 
and leptomeningeal adhesions occur and there may be bi- 
zarre, large angular defects on the contrast column with a 
mass of fibrotic nerve roots filling the thecal sac. This may 
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Fig. 4.—Case 13. Severe arachnoiditis with 
moderate enhancement. 

A-D, Sagittal short TR images (500/20) before 
(A) and after (B) contrast administration and 
axial short TR images (700/20) before (C) and 
after (D) contrast show severe arachnoiditis with 
moderate enhancement. 





cause myelographic block found in up to two thirds of patients 
with severe arachnoiditis [12]. 

In this study findings of arachnoiditis were visible on MR in 
all patients, correlating well with those found on myelographic 
or postmyelographic CT. Admittedly, our observations were 
biased by the fact that in all but one of the patients studied 
the diagnosis had been previously confirmed. In the absence 
of a known diagnosis, subtle MR findings of arachnoiditis 
such as segmental nerve root fusion may be difficult to detect. 
This is particularly true if the clumped nerve roots do not 
reside in the region imaged on the short TR axial images, 
which may occur in routine lumbar spine imaging since axial 
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images are only obtained through the lower intervertebral 
disks and vertebral endplates adjacent to the disk spaces. 

In spite of the relatively avascular nature of the inflammatory 
response leading to the development of spinal arachnoiditis, 
varying degrees of focal contrast enhancement were ob- 
served involving nerve roots clumped centrally within the 
thecal sac in eight patients with moderate to severe arach- 
noiditis. Enhancement was also seen in one patient who had 
a soft-tissue mass filling the proximal aspect of the lumbar 
sac with focally adherent roots distally and in one patient in 
whom only an amorphous soft-tissue mass filling the thecal 
sac was present. Enhancement presumably occurred second- 
ary to development of a vascular network within the prolifer- 
ating fibrous stroma, allowing for accumulation of contrast 
medium in the extraceliular space. Proliferating blood vessels 
have been observed histologically within fibrous tissue in 
arachnoiditis [13]. 

Enhancement of thickened meninges was seen in seven 
patients. Enhancement of a thickened meningeal tube in the 
postoperative spine has been previously described in patients 
who presumably do not have arachnoiditis. This peripheral 
enhancement has been variously attributed to peridural fibro- 
sis, focally thickened meninges, or peripherally adherent roots 
[8, 14, 15]. It is uncertain to what extent this peripheral 
enhancement represents thickened dura or the adjacent ar- 
achnoid. It would be interesting to determine if enhancement 
of the meninges is seen in cases of arachnoiditis without prior 
surgery. This may indeed be an MR finding of arachnoiditis. 
However, in view of the uncertain nature of the enhancement 
of the meningeal tube, this finding should not be used as a 
sole criterion to determine if arachnoiditis is present in the 
absence of an obvious clump of centrally or peripherally 
adherent roots. 

Although variable enhancement of centrally adherent nerve 
roots or of a soft-tissue mass filling the thecal sac was 
observed, the enhancement was never striking and did not 
aid in establishing the diagnosis in this study. Although 
clumped nerve roots were easier to recognize on the contrast- 
enhanced images in five patients, in no case were adherent 
nerve roots or soft-tissue mass within the thecal sac apparent 
only on the contrast-enhanced images. Furthermore, contrast 
enhancement in lumbar arachnoiditis was an inconstant find- 
ing at best, since one patient with mild arachnoiditis and two 
with severe arachnoiditis had no enhancement. While this is 
a small series and some instances may arise in which en- 
hancement of adherent roots leads one to recognize the 
presence of lumbar arachnoiditis, enhancement should not be 
relied upon for diagnosis. On the other hand, if gadopentetate 
dimeglumine is administered for another reason, such as to 
differentiate recurrent disk herniation from scar, it will not 
hinder the detection of arachnoiditis on either short or long 
TR images and may actually be of some aid in recognition of 
adherent roots on short TR images. Enhancement of clumped 
nerve roots will not prevent visualization of the changes of 
arachnoiditis when they are surrounded by high-intensity CSF 
on long TR sequences. 

The paucity of enhancement in arachnoiditis may help to 
differentiate this entity from leptomeningeal tumor spread. 
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Marked enhancement of subarachnoid deposits of tumor can 
occur [1]. Therefore, the finding of prominent enhancement 
in the intradural extramedullary space is generally more con- 
sistent with the diagnosis of leptomeningeal tumor than with 
benign arachnoiditis. This distinction may be particularly im- 
portant in patients with known systemic tumors who have 
also had a history of either previous back surgery or Panto- 
paque myelography. However, if only mild or no enhancement 
is seen, then the use of gadopentetate dimeglumine does not 
have predictive value. Clearly, some cases of proved lepto- 
meningeal tumor demonstrate minimal enhancement in the 
intradural extramedullary space [1]. Therefore, the absence 
of enhancement or the presence of only mild enhancement 
cannot be used to help to differentiate leptomeningeal tumor 
from benign arachnoiditis. 

in conclusion, spinal arachnoiditis often has an obscure 
clinical presentation related to its slow progression and the 
simultaneous or variable occurrence of symptoms referable 
to the cord and multiple nerve roots [11, 16]. With the ever 
more prevalent use of MR as the primary and often only 
imaging method for examination of patients with low back 
pain, radiculopathy, and myelopathy, the recognition of arach- 
noiditis on MR is becoming more important. In this series, MR 
imaging correlated well with myelographic and postmyeio- 
graphic CT. Our findings support those of Ross et al. [9] that 
moderate to severe arachnoiditis can be diagnosed with 
unenhanced MR imaging. Long TR axial images perhaps best 
demonstrate centrally clumped or peripheral adherent roots, 
although these changes can be seen on short TR images. in 
mild cases of arachnoiditis the diagnosis may be suspected if 
there are segmentally clumped roots centrally located in the 
lower lumbar thecal sac, provided they are included in the 
axial images obtained. Gadopentetate dimegiumine enhance- 
ment plays little role in the diagnosis of lumbar arachnoiditis. 
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Case Report 





Syringomyelia Associated with Paget Disease of the Skull 


Alison P. Pryce’ and Stephen N. Wiener 


Paget disease is a bone disease of unknown etiology 
affecting approximately 3% of the population over the age of 
40 [1]. The skull is involved in 65% of cases. Although one 
fifth of patients with Paget disease are asymptomatic, im- 
pingement on cranial nerves can result from the enlarging 
pagetoid bone. Basilar invagination in association with long- 
standing Paget disease of the calvaria occurs in one third of 
patients and may cause hydrocephalus and brainstem symp- 
toms due to compression of the contents of the upper cervical 
spinal canal [2]. Syrinx formation as a result of the Paget 
disease’s induced basilar invagination is apparently rare [3] 
and has not been described in the imaging literature. We 
present a patient with long-standing Paget disease with bas- 
ilar invagination of the skull and associated syrinx formation 
shown with MR imaging. 


Case Report 


The patient is a 66-year-old woman with a 22-year history of Paget 
disease of the skull, spine, and pelvis. For the past 6 months, she 
had severe left shoulder pain radiating to the left arm and left side of 
the face. She had left arm numbness, generalized weakness, and 
difficulty walking. Physical examination revealed left thenar atrophy 
and dissociated sensory loss on the left side of the body, greater in 
the upper than in the lower extremity. Motor strength was normal. 
Results of the rest of the physical examination, including cranial nerve 
and reflex testing, were normal. Electromyography showed left ulnar 
neuropathy. MR imaging (Figs. 1A and 1B) of the head revealed 
extensive calvarial thickening and abnormal bone formation consist- 
ent with Paget disease. Extensive pagetoid change invoived the base 
of the skull, and the odontoid process extended 2 cm above Cham- 
berlain’s line, indicating basilar invagination. The ventricles were 
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moderately dilated but without periventricular edema. MR imaging of 
the cervical and lumbar spine performed with T1- and T2-weighted 
spin-echo pulse sequences showed a large syrinx (Fig. 1C} involving 
the entire cervical spinal cord and including the lower thoracic spinal 
cord. 


Discussion 


Various bone marrow patterns of Paget disease on MR 
images have been described depending on the stage of the 
disease [4]. In the active phase, numerous high-signal-inten- 
sity vascular channels typically occur within the marrow 
space, interspersed with low-signal-intensity fibrotic connec- 
tive tissue. In the inactive phase, the excess vascularity 
regresses, but a mosaic pattern remains with foci of residual 
fatty marrow and fibrous tissue. The cortex of pagetoid bone 
is seen as a thickened area of signal void. in the skull, the 
marrow space is expanded with loss of distinction between 
the cortex and medulla. Our patient had marked enlargement 
of the marrow space with MR signal intensities consistent 
with a mixture of fat and fibrous tissue. 

Type | syrinx formation has been attributed to any process 
that obstructs the foramen magnum [5]. This most commonly 
occurs with a Chiari | malformation. Another much less fre- 
quent cause of Type | syrinx formation is basilar invagination. 
Type Il syrinx is idiopathic and unassociated with foramen 
magnum obstruction or Chiari |. Type Ill syrinx is associated 
with spinal cord tumor, trauma, or arachnoiditis. 

Because the association of basilar invagination induced by 
Paget disease with syrinx formation due to foramen magnum 
obstruction is very uncommon, we think that an advanced 
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Fig. 1.—A and B, T1-weighted sagittal (A) and T2-weighted axial (B) MR images show markedly thickened skull with inhomogeneous signal intensities 
(solid arrows). Note basilar invagination with elevation of odontoid 2 cm above Chamberlain’s line (open arrows). Ventricular dilatation is noted but without 


periventricular edema. 


C, T1-weighted sagittal MR image of cervical spine shows extensive hydrosyringomyelia (arrows) involving spinal cord. 


state of Paget disease, as in this patient, is required. The 
postulated pathogenesis of syrinx formation in cases of fora- 
men magnum obstruction is that abnormal CSF flow results 
in tracking of CSF into the spinal cord along Virchow-Robin 
spaces [5]. The CSF pools then coalesce to form a syrinx 
that eventually connects with the central spinal canal. 

The typical clinical features of syrinx formation are insidious 
onset of segmental weakness and atrophy of hands and arms 
with loss of deep tendon reflexes. The classic result is a 
dissociated sensory loss with preservation of touch but loss 
of sensation of pain and temperature, as was found in our 
patient. The most common cause of dissociated sensory loss 
is a syrinx. However, dissociated sensory loss can result from 
any lesion, such as tumor, trauma, or hemorrhage, within the 


central spinal cord involving the anterior commissure. This 
destroys pain and temperature on one or both sides over 
several segments but spares tactile sensation. 
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Technical Note 





Preoperative Localization of Osteoid Osteoma: A New 
Technique That Uses CT 


Gerald G. Steinberg,’ James M. Coumas,” and Thomas Breen’ 





Osteoid osteoma was first described by Jaffe [1] in 1935. localization required approximately 45 min. No oral or IV anesthesia 
It constitutes 10-12% of all benign neoplasms of bone [2]. was required. | 
The classic radiologic and clinical presentations are well de- The surgical approach varies with the location of the nidus. Intra- 
scribed in the literature [3]. Curative resection is dependent  °Perative dissection should be accomplished in the standard fashion. 
on complete excision of the nidus. Exuberant periosteal re- with the ultimate goal of exposure of the C wire at its junction with 


ti dint ical iocation. 4 f th the cortical surface. The surgical incision may or may not follow the 
SCHON ANG INT ECONECE OCANON,: IWO Or MS COMMON- presen: actual course of the wire. The location of the nidus with reference to 


tations of this lesion, hinder intraoperative localization. Pre- the guidewire and the size and depth of the nidus beneath the cortical 
operative, intraoperative, and postoperative techniques for surface are measurements obtained by using CT. A precise but 
localization of the nidus have arisen to ensure adequate limited bony resection is then performed, with the guidewire as a 
resection [4, 5]. This report demonstrates a new technique reference point. The specimen is removed en bloc so as to incorporate 
for precise preoperative localization of the nidus. the guidewire within the excised specimen. Immediate CT analysis of 

the specimen is performed to confirm complete excision of the nidus. 


Materials and Methods 
Discussion 
Two patients in whom the diagnosis of osteoid osteoma was made 

from plain radiographs, conventional tomograms, or CT scans under- CT is a key diagnostic tool in the radiologic evaluation of 
went preoperative evaluation (on the morning of surgery) of the nidus osteoid osteoma. Complete surgical excision of this benign 
with a GE 9800 CT unit (Figs. 1A and 2A). A 0.028-mm C wire lesion is directly dependent on the surgeon's ability to localize 
(Concept Inc., Largo, FL) was percutaneously introduced by using the nidus. The common intracortical location and exuberant 
the standard technique that is a prerequisite to bone biopsy [6]. The periosteal reaction hinder intraoperative localization, often 
soft tissues were prepared and draped and the underlying soft tissues requiring wide excision, repeated surgery, or cumbersome 
and periosteum were infiltrated with 1% xylocaine. The C wire was intraoperative methods of localization. A balance is sought 
Dero ra neousty POsiiOned TO Wiin F fam Ome Mets unda CE- a siwaoni adequate bony resection with complete removal of 
guidance, whereupon a battery-powered C wire driver was used to ; l RR | 
affix the C wire to the underlying cortical bone. The final position of the nidus and maintenance of the mechanical integrity of the 
the C wire was documented with CT and the patient was transported one. Incomplete excision of the nidus is the most commonly 
to surgery, where a precise limited excision of the nidus was per- Cited reason for recurrent symptoms and surgical failure [7]. 
formed. The resected specimen was evaluated with CT to document In both of our cases, the nidus was precperatively localized 
inclusion of the nidus and then sent to pathology. Preoperative to within 1 mm by C-wire placement. The boundary of the 
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Fig. 1.— 19-year-old man with lower left leg pain of 6-months duration. 
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C 


A, Anteroposterior radiograph of left lower extremity shows periosteal reaction involving posterior and lateral cortex. No nidus was seen on plain film 


radiographs but was discernible on CT. 


B, Axial CT scan clearly shows nidus (arrow) and placement of C wire directly adjacent to nidus. 
C, Radiograph of resected specimen (1.0 x 2.4 cm) with tip of C wire adjacent to nidus (arrow). 





Fig. 2.— 18-year-old man with pain of 7-months duration. 
A, Posteroanterior coned view of fourth metacarpal shows thickened periosteal reaction at radial aspect of metacarpal shaft with suggestion of nidus 
(arrow). Subtle central mineralization of nidus was better seen on CT. 
B, Axial CT scan documents nidus (arrow) and placement of C wire adjacent to nidus and at a depth of 8 mm. 
C, Radiograph of resected specimen with tip of C wire (black arrow) adjacent to resected nidus (white arrows). 


nidus was further delineated with CT by using the C wire as 
a reference point. A limited en bloc resection confined to the 
nidus and a small margin of surrounding bone could be 
performed easily while the C-wire guide remained in place, 
and the sample was removed with the C wire intact and 
affixed adjacent to the nidus. The sample was promptly 
examined with CT to document the inclusion of the nidus. 


In neither case did preoperative localization lead to discom- 
fort, pain, or complications. Local lidocaine infiltration was the 
only preoperative anesthesia required. Complete excision 
with no recurrence of symptoms was accomplished in both 
patients. The patients were still free of symptoms after 28 
and 14 months, respectively. 

Advantages of this technique include (1) elimination of 
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exposure of operating room personnel and surgeons to 
gamma radiation; (2) elimination of cumbersome intraopera- 
tive localization equipment or techniques; (3) precise preop- 
erative localization, thereby decreasing operative time; (4) 
precise intraoperative three-dimensional mapping, eliminating 
the need for wide en bloc excision and possible mechanical 
compromise to bone; and (5) use of instrumentation and 
equipment readily available in most hospitals throughout the 
United States. 

We propose a safe, precise technique for localization of the 
nidus of osteoid osteoma preoperatively with instrumentation 
widely available. We believe the promising results and avail- 
ability of CT should extend this technique to other intracortical 
or medullary lesions. 
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Book Review 





Textbook of Interventional Cardiology. Edited by Eric J. Topol. Philadelphia: Saunders, 954 pp., 1990. $95 


The editor of this book brought together a distinguished group of 
approximately 100 contributors in the field of interventional cardiology 
in order to compile a comprehensive, up-to-date reference source 
intended for physicians with a strong interest in this rapidly advancing 
speciaity. | was impressed with how current the material presented 
is and how it truly reflects the state of the art. The editor, the publisher, 
and the contributing authors obviously worked diligently to accom- 
plish this task, and it is fitting that an advance in technology was a 
contributing factor, as noted by the editor in the preface: “A very 
accelerated publications schedule was adopted to make this possibie, 
which heavily relied on facsimile machines!” 

The book contains 48 chapters grouped into seven general cate- 
gories: pharmacologic intervention, coronary and peripheral angio- 
plasty, coronary atherectomy, coronary stenting, laser angioplasty, 
evaluation of coronary interventional techniques, and valvuloplasty. 
Most chapters are organized to provide a historical background, a 
description of the current state of the art, findings of animal work and 
clinical studies, a discussion of current indications, the authors’ 
opinion of a comparison with other techniques, and an outlook for 
the future advance of the technique. The text is written in such a way 
as to reflect the objective of the book, that is, as a reference source 
for those practicing in the field and not as an easily read introduction 
to the specialty. For example, the subject of thrombolytic intervention 
occupies 45 pages of text, with heavy reliance on tables and figures, 
and is followed by a listing of 360 references that takes up nine full 
pages. The few exceptions to this format include the chapters on 
omega-3 fatty acids, free radical scavengers and leukocyte inhibitors, 
and gene transfer and cardiovascular disease, which are interesting 
and informative. The illustrations, photographs, and reproductions of 
angiograms are of acceptable quality, although a few of the figures 
are too small to be seen easily, and six figures are either upside- 
down or backward. 

The 17 chapters on balloon angioplasty are comprehensive and 
examine percutaneous transluminal coronary angioplasty in depth, 
with particular focus on clinical subsets such as patients who have 
unstable angina, acute myocardial infarction, chronic total occlusion, 


and restenosis. The addition of a chapter written by a leading cardiac 
surgeon might have provided an interesting and balanced perspec- 
tive. The sections exploring techniques of atherectomy, stenting, and 
laser angioplasty are thorough and highlight the limitations as well as 
the promise of each technology. Some redundancy occurs in the 
material presented, as each author reviews the history and comments 
on the comparative advantages and disadvantages of each technique. 
Many chapters in the book contain information on the treatment of 
peripheral vascular disease. in general, the subject is covered super- 
ficially, almost as an appendage or afterthought. For example, the 
use of urokinase is not even mentioned in the three-paragraph 
discussion of the lytic therapy of peripheral vascular artery occlusion. 
The chapter by Mark Wholey and Neil Solomon on angioplasty and 
other interventional procedures in the peripheral, renal, visceral, and 
extracranial circulation is an exception; however, even this chapter 
seems out of place in a textbook otherwise devoted to the treatment 
of coronary vessels. The section of the book covering the evaluation 
of coronary interventional techniques includes digital angiographic, 
Doppler, angioscopic, and two-dimensional sonographic techniques. 
Particularly interesting is a discussion that includes color angioscopic 
images of changes in the luminal surface in stable and unstable 
angina and after balloon angioplasty. The last group of chapters 
presents techniques and the results of percutaneous balloon val- 
votomy, with contributions from authors from France and the Far 
East as well as the United States. 

This book is current and comprehensive and can serve as an 
excellent reference source for cardiac fellows in training and practicing 
physicians with an interest in interventional cardiology. However, it 
will be of interest only to a relatively small number of radiologists, 
those who are active in the field of cardiac radiology. 


Philip N. Cascade 
Sinai Hospital 

Wayne State University 
Detroit, MI 48235 
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Use of the Balloon on a Guidewire as an Adjunct to 


Conventional Angioplasty 


Jeffrey S. Pollak,’ Stanley G. Cooper, and Donald F. Denny, Jr. 


Standard balloon angioplasty involves crossing a stenosis 
by a guidewire and subsequently advancing a catheter over 
the wire. Various instruments have been developed to aid in 
these two steps, including steerabie wires and tapered cath- 
eters that predilate lesions to permit easier passage of the 
balloon catheter. Occasionally, the stenosis is sufficiently tight 
and rigid that it will not allow a catheter to track over the wire. 
in this report, we describe a method of predilating such lesions 
with a balloon on a guidewire, after which a larger conven- 
tional balloon catheter can be used. 


Materials and Methods 


The balioon on a guidewire (USCI Probe: USCI, Billerica, MA, and 
TEGwire: Medi-tech, Watertown, MA) consists of variously sized 
balloons incorporated onto the end of a 0.035- or 0.038-in. wire with 
a thin platinum-tipped steerable wire attached to the tip. After a 
selective catheter is placed at the stenosis, the guidewire-balloon is 
advanced across it and inflated. Subsequently, the balloon is deflated 
and the catheter is advanced over this wire, or the balloon is removed 
and a conventional wire is used to recross the lesion. The latter may 
be necessary because it may be difficult to withdraw the guidewire- 
balloon through a 0.038-in. tapered catheter, especially for balloon 
sizes greater than 3 mm. A nontapered guiding catheter can be used 
to facilitate removal. A larger balloon can then be used to dilate the 
stenosis to the desired vessel diameter. 


Case Example 


A 76-year-old woman with severe hypertension was admitted for 
angioplasty 5 weeks after outpatient angiography revealed a severe 
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ostial stenosis of the right renal artery (Fig. 1A). By use of a right 
femoral approach, the stenosis was easily crossed with a 0.035-in. 
angled Glidewire (Terumo, Tokyo; distributor: Medi-tech, Watertown, 
MA) and a 0.035-in. Wholey wire (Advanced Cardiovascular Systems, 
Mountain View, CA), but these could not be followed by a 5.5-French 
Cobra catheter, a 5.5-French Simmons catheter, or a 6.5-French 
Simmons catheter, used for greater stiffness {all manufactured by 
Cook, Bloomington, IN). Fluoroscopically, advancement of the cath- 
eter tip was shown to be prevented by the stenosis in each case. 
Finally, a 3-mm-diameter balloon on a wire (USCI Probe) was ad- 
vanced through the 6.5-French Simmons catheter. it easily crossed 
the lesion and was successfully inflated (Fig. 1B); however, although 
the Simmons catheter now easily slipped past the lesion, the angio- 
plasty wire could not be withdrawn into the lumen of the catheter 
because of the profile of the balloon. Therefore, both were removed 
through a sheath. The Simmons catheter was reinserted and now 
followed a 0.035-in. Glidewire across the stenosis. Over an exchange 
wire, a 6 mm by 2 cm balloon catheter was placed for the final 
dilatation. A postangioplasty aortogram showed a widely patent 
vessel with an intimal crack. The patient's blood pressure normalized 
by that evening and remained improved on reduced antihypertensive 
medication at 2 months. 


Discussion 


The initial success rate for noncoronary angioplasty is 
approximately 90% [1], with a range of 77-95% for the renal 
arteries [1-4] and approximately 90% for the celiac and 
superior mesenteric arteries [5]. Although the majority of initial 
failures are probably related to inadequate dilatation or com- 
plications, a fraction are related to impassable lesions, despite 
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the use of steerable guidewires and low-profile balloons. 
When a wire can be advanced through a lesion but the 
catheter will not follow, predilatation with a balloon on a wire 
should prove to be useful, as it was here. It is doubtful that 
any other conventional method would have worked in these 
patients. The use of a coaxial catheter over a smaller wire 
would not have dilated the stenosis any more than the initial 
0.035-in. wire did, and the use of an axillary approach for a 
more favorable angle from the aorta would most likely have 
encountered buckling of the catheter along the course of the 
vessels in the chest. Furthermore, the 6.5-French Simmons 
catheter used did not uncoil; it simply could not be advanced, 
implying that there would have been no directional advantage 
from the axillary route. One disadvantage was the inability of 
a tapered catheter to follow over the wire once the balloon 
had been inflated and deflated. This meant that we had to 
recross the angioplasty site after removing the initially placed 
wire and catheter. Although this is of concern, we feel that 
the careful use of a flexible, steerable wire limits the risks of 
dissection and occlusion. Nontapered catheters are a solution 
to this problem because their larger end holes should allow 
them to advance over the wire. 

The angioplasty guidewire has recently been described [6, 
7]; its small size and low profile make it particularly useful in 
negotiating tight lesions in small vessels. However, a need 
for caution is indicated by two problems we encountered with 
these devices. While using the technique described here to 
dilate two adjacent superior mesenteric artery stenoses, the 
angioplasty wire developed a leak along the shaft proximal to 
the balloon. Fortunately, the lesions had already been suffi- 
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Fig. 1.—A, Diagnostic aortogram reveals se- 
vere ostial stenosis of right renal artery. 

B, Angioplasty wire inflated across renal ar- 
tery stenosis. 


ciently dilated to allow passage of the 5.5-French catheter 
that had not been able to advance previously. This was then 
exchanged for a 6-mm balloon catheter. Of greater concern, 
in a case in which a TEGwire was being used as the principal 
balloon for a distal popliteal lesion, the proximal part of the 
wire fractured, presumably owing to torsional stress. Fortu- 
nately, this part of the wire was outside of the patient. Indeed, 
the USCI Probe has been removed from the market. Keeping 
in mind the need for greater experience with the angioplasty 
wire, it appears that it will have a useful, adjunctive role in the 
dilatation of larger vessels. 
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Throw It Away, Sam: The Controlled Circulation Journals 


Drummond Rennie! and Lisa A. Bero 


This is the era of the sound byte, of television news that 
gives more space to a telegenic three-alarm fire than to the 
national deficit, of short attention spans and of shorter mem- 
ories. It is no surprise to find that it is also the era of the 
medical throwaway; of journals that carry tips of how to reads 
them [1, 2]; of pages peppered with summaries of these 
summaries in the guise of “Express Stops” and “Fast Tracks,” 
ail so convenient that you're done before you ever got started. 
Journals invented by ad-men, that poll their readers on what 
they want to read and then give it to them [3]. Glossy journals 
that stuff up the mail of physicians; journals that academics 
sniff off as being harmless because they think no one reads 
them, or at any rate, takes them seriously. Well, they are very 
big business and a great many people outside medicine, who 
are trying to sell pharmaceuticals to doctors, take them very 
seriously indeed. 

And since we believe that medicine is far too serious to be 
left to the advertising industry and continuing medical edu- 
cation too hard to be left to the choice of those who need it, 
and since we believe that journals should have a high social 
purpose, we believe you should take them seriously too. 


Definition 


What are throwaways? Though we all think we know one 
when we see it, there is no single defining characteristic. In 
an attempt to develop a classification for throwaways, we 
examined, in an informal study, five journals that we thought 
were throwaways (Table 1): American Family Physician, Con- 
sultation, Emergency Medicine, Modern Medicine, and Patient 
Care. We compared them with six journals that we felt were 


not throwaways: Annals of Internal Medicine, the Journal of 
the American Medical Association (JAMA), the New England 
Journal of Medicine, Critical Care Medicine, Archives of inter- 
nal Medicine, and Archives of Ophthalmology. To make our 
bias absolutely clear, we will call these the “legitimate” jour- 
nals. Three randomly selected issues of each journal were 
analyzed for content. Though selection of the last four throw- 
aways was random, we chose the American Family Physician 
because it was edited by Dr. Jay Siwek, the author of the 
accompanying paper on this subject [see CBE Views, April 
1990;13:31~35]. We chose Critical Care Medicine because it 
offers a useful comparison with Emergency Medicine, and the 
two Archives were chosen for a reason we shall describe 
later. 

Our comparison showed that throwaways had these 
characteristics: 

e They are all “controlled circulation,” sent free to physicians 
registered in the American Medical Association’s (AMA's) 
master file who describe themselves as having some sort of 
a specialty (Table 1). However, two of the six legitimate 
journals-——the two Archives produced by the AMA—were also 
distributed free. Therefore, characteristics in addition to the 
percent of paid subscriptions must distinguish throwaways 
and legitimate journals. 

e Since the proportion of paid subscriptions is negligible, 
the throwaways must be supported almost entirely by adver- 
tising revenues. All the journals we looked at carry a great 
deal of advertising from a variety of pharmaceutical manufac- 
turers; indeed, except for the Archives of Ophthalmology and 
Critical Care Medicine, they all seemed to carry identical 
advertisements. American Family Physician actually publishes 
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TABLE 1: Characteristics of Eleven Journals Discussed 
BLE a LGR EIR ES ES A SIE SAS TET TLE EE TI TI I A Ta Se SE IRI a n e a TES 


MD 


ocean dette UN tie hh AERA AMHR ALTE a An Amaaan: 


Journalis Pd? Ads? Text Ad/Tx°® 
Ann Intern Med Y 67 103 0.65 
JAMA y 59 80 074 
N Engi J Med Y 52 67 078 
Crit Care Med Y 21 97 0.22 
Arch Intern Med N 109 131 0.83 
Arch Ophthalmol N 31 111 0.28 
Am Fam Physician N 209 170 123 
Consultation N 94 69 1.36 
Emergency Medi- N 89 57 1.56 
cine 
Modern Medicine N 116 77 1.51 


Patient Care N 99 69 1 ‘43 


ed? '87 Cite’ Circulation? So" Rev Non-R! 
Y 24,746 90,619 Y 11 234 
Y 27,282 358,916 Y 11 586 
Y 66,289 225,986 Y 20 349 
Y 2,760 10,115 Y 1 227 
Y 9,675 115,520 Y 11 318 
Yy 7,155 22,160 Y 2 313 
Y 247 137 684 Y * à 
N 0 124,000 N : 
N 0 129,252 N : * 
N 0 121,421 N j * 
N 0 115,744 N j 


? Paid subscription (Y = yes; N = no). 

? Pages of advertisements (mean of 3 issues). 
€ Pages of text (mean of 3 issues). 

* Advertisement/text ratio. 

* Physician editor (Y = yes: N = no). 


‘1987 citations (SCI Journal Citation Reports, 1988; vol. 19). 
9 Circulation (Cahners Business Publications Rates and Data, May 24, 1989, vol. 7, #5). 


” Whether owned by a society (Y = yes; N = no). 
‘Number of reviews published in 1987. 


‘Number of non-review papers published in 1987 (SCI, 1987, vol. 19, p. 307). 


* These throwaways publish review articles only. 


its text-to-ad ratio as being 45:55 [4], which we confirmed 
(Table 1). As can be seen from the table, all the throwaways 
had ratios of advertising-to-text well above one (1.23 to 1.56), 
whereas the legitimate journals had ratios below unity (0.28 
to 0.83). So as to be fair, we counted as text entire pages 
given over to, say, a picture of running shoes, running [5], 
even though that same illustration was already featured on 
the cover of that same issue. It is distressing to see that 
American Family Physician, which sets itself apart from the 
other throwaways, also uses whole pages to show redundant 
pictures merely to draw attention to an article [6]. The large 
concentration of advertisements, many on thick paper, makes 
it hard to find one’s way around the journals. 

e Placement of the advertisements provides an additional 
impediment to reading the throwaways. The advertisements 
are often interspersed, not merely between sections or arti- 
cles but within articles. The editors of American Family Phy- 
sician say that its scientific articles are never interrupted by 
advertisements [4], but this isn’t quite correct. Its editorials 
are broken up by advertisements, and what they claim to be 
their most popular feature, “Tips from Other Journals,” is 
repeatedly broken up by advertisements [4]. In general, the 
legitimate journals keep advertising out of the well and only 
between groups of several articles [7]. The New England 
Journal of Medicine has all its advertisements outside the 
body of the text, while the Archives of Internal Medicine 
carries advertisements interleaved between many of the sci- 
entific articles. 

e The throwaways feed us an exclusive diet of questionable 
reviews of work published in the legitimate journals. These 
reviews are sometimes solicited. American Family Physician 
encourages unsolicited reviews [4], but Modern Medicine 
says that such are not welcome [3], and proclaims that no 
one below the rank of associated professor in a U.S. medical 
school is ever asked to write for them. Perhaps the qualifi- 
cations of the editor determine the selection of authors. The 
throwaways (except for American Family Physician) are char- 
acterized by having nonphysicians as editors. These non- 


M.D. editors tend to promote the journalistic style of some of 
their publications. Consultant promises {it is one of its pub- 
lished “principles”) to “Tightly edit all articles so that they are 
short and concise, yet they allow you to glean something 
practical in just a few minutes of reading time. . . .Prepare all 
texts in a conversational style—as if the author-expert were 
there talking with you” [8]. All very nice and chatty, but 
scarcely adult. 

Many of the reviews are authoriess and are written in a 
newsy, “as told to our correspondent,” way. in the three 
issues of Emergency Medicine analyzed, 10 of the 36 feature 
articles were written by physicians, the rest were completely 
anonymous. It is hard to know what is going on at Patient 
Care: there the articles have presumably been written by the 
physicians whose names are at the top of the first page, but 
each article ends with the words “Prepared by Jane Doe.” 
Since the articles in any medical journal always go through 
the editors and copyeditors, what can this mean? One can 
be forgiven for wondering if Jane Doe is the real author. 

A good review article is a valuable resource for students, 
researchers, and practitioners needing an update in a partic- 
ular field. However, the reviews published in throwaways, 
except perhaps for those in American Family Physician, are 
never in any sense scholarly [9]. They are certainly never 
metaanalytic reviews, which, if rigorous, may actually advance 
the field by reaching a conclusion that constituent papers 
might not be able to sustain alone. Sometimes the reviews 
give no references at all (Emergency Medicine) or merely 
“suggested reading” (Modern Medicine), so it is all but impos- 
sible for the interested reader to check the facts. Reviews in 
legitimate journals, such as the “State of the Art” reviews in 
JAMA and the “Medical Progress” series in the New England 
Journal, stand in stark contrast. It is depressing to think of all 
those “associate and full professors at U.S. medical schools” 
diverting their time from more pressing projects, such as the 
care of their patients, their students, and their research, to 
this sort of endeavor. 

ə The poor quality of the reviews published in throwaways 


is substantiated by our finding that throwaways are charac- 
terized by exceedingly low citation rates (Table 1). Despite 
large circulations several times that of some of the legitimate 
journals, the throwaways are almost never cited by anyone 
writing scientific articles, so they never have the least influ- 
ence on the course of medical science. This is not just 
because reviews are cited less. In fact, Garfield states that 
“Since a good review article is likely to be highly cited, the 
publication of reviews should increase the total citations a 
journal receives” [10]. For example, Bishop's review of the 
oncogenes and retroviruses in the Annual Review of Biochem- 
istry has been cited 1125 times [11]. As may be seen from 
Table 1, the legitimate journals do in fact publish reviews, but 
these are relatively few. Their citation rates are higher, then, 
despite the small number of reviews, or, put another way, the 
throwaways still manage to have abysmal citation rates, even 
when they publish nothing but reviews. 

e The relation between journals and science is symbiotic, a 
fact typified by the legitimate journals. On the one hand, 
scientific advances scarcely exist until they are published, 
and on the other, research journals would not exist without 
the research. The legitimate journals grew up to fill a need 
because advances in medicine depend upon the dissemina- 
tion of the results of that research. 

In contrast, throwaways are entirely parasitic. They never 
report the results of any original research: they merely echo 
what has already been published, relying on the peer-review 
processes at the legitimate journals to provide the articles for 
their reviews. Sometimes their dependence on the peer- 
reviewed literature is more blatant. For example, the most 
popular feature of American Family Physician [4] is “Tips from 
Other Journals,” which includes all sorts of summaries of 
articles from other journals (such as the New England Journal 
of Medicine, JAMA, and the Archives of Internal Medicine). 
The throwaways, therefore, completely ignore the responsi- 
bility of journals to assist in the publication of the work upon 
which all their reviews are based. 

e The lack of original research published in throwaways 
indicates that they are not founded to deal with any scientific 
need to publish research that would otherwise remain hidden. 
It is obvious that they exist, not to fill any need on the part of 
the profession to be informed, but because the advertising 
industry wishes to have convenient hoardings for their adver- 
tisements. They are driven, therefore, entirely by commercial 
pressures. Their large (and surprisingly uniform) circulations 
(Table 1) are used to justify a supposed need on the part of 
the recipients. The throwaways, except for American Family 
Physician, appear to be of so little value that they are not 
even listed in the Index Medicus. 

e Most throwaways claim to have peer review, though this 
does not seem to happen at Consultant [8]. Without excep- 
tion, they have large collections of distinguished medical folk 
on their editorial and advisory boards: it is interesting that 
Roberts [12] writes that he was on the editorial boards of 
three throwaways and was never called upon to review 
anything. One issue of Patient Care carried an appeal to its 
readers to become reviewers, mentioning that they sent every 
article to 12 to 15 reviewers for review [13]. Patient Care also 
publishes the names of three or four “article consultants” at 
the end of each article, whom one would assume to be 
reviewers, except that their numbers don’t come anywhere 
close to 12. Modern Medicine appears to have articles looked 


at by only one reviewer [14]. In general the type of peer 
review to which articles in the throwaways are subjected 
seems to be far different from the searching sort of peer 
review used by the six legitimate journals cited [15, 16]. 

e Unlike the “legitimate” journals (Table 1), the throwaways 
are not owned by societies. The only exception was American 
Family Physician, which is published by the American Acad- 
emy of Family Physicians. The throwaways we looked at, and 
a great many more, belong to the Association of Independent 
Clinical Publications (AICP), an advertisement for which states 
that: “publications that are unaffiliated with medical societies 
or associations rely solely upon their clinical editorial quality 
for credibility. . and reader interest” [17]—certainly an inter- 
esting way of the pot implying that not only is the kettle black, 
but that it itself is white. 

e The throwaways appear to cater to an uninvolved and 
uncritical readership. Their correspondence columns, if any, 
are ludicrous. Emergency Medicine carried one page (two 
letters and a reply), and that in only one of the three issues 
[18]. One of the two letters was highly congratulatory, and 
not the sort that the legitimate journals bother to publish, 
though they receive them. Contrast this with the vigorous 
controversy in Critical Care Medicine. in an effort to engage 
their readers [19], and even give them category 1 CME 
(continuing medical education) credits [20], some throwaway 
journals provide reader quizzes, though these are unimpres- 
sive and can do little to encourage critical thinking [21]. 
Throwaway editorials are trifling. An entire editorial in Modern 
Medicine, written by the very distinguished editor emeritus, 
consisted of an announcement that he had just published 
another book, and giving an address whence it could be 
obtained [22]. 

in summary, throwaway journals can be defined as: (1) 
free, (2) carrying more ads than text, (3) not being owned by 
societies, (4) not publishing original work, (5) not cited, (6) 
variably subject to peer review, and (7) deficient in critical 
editorials and correspondence. 

For a good comparison, one may look at Critical Care 
Medicine and Emergency Medicine, two journals one would 
expect to be fairly similar. Critical Care Medicine, the legiti- 
mate journal, is not free. It published large numbers of re- 
search articles in 1987 (see Table 1); it has a low ratio of 
advertisements to text; it has an M.D. editor and a citation 
rate in the thousands; it is owned by a society; it published 
only one review in 1987, and it has a contentious and inform- 
ative correspondence column. In contrast, Emergency Medi- 
cine, the throwaway, is free, it has an ad-to-text ratio of 1.56: 
it has a lay editor; it is never cited; it is not owned by a 
society, and it published nothing but reviews, unaccompanied 
by any criticism. Emergency Medicine has a circulation over 
10 times that of Critical Care Medicine and carries four times 
as many ads, and it is a reasonable assumption that it receives 
considerably more advertising revenue than the legitimate 
journal. 

Some throwaways appear to be “better” than others. 
Clearly, American Family Physician is by far the best “buy” 
(it's free) of the throwaways we looked at. This journal, which 
is owned by a society, limits the amount of advertising, does 
not intersperse advertisements too offensively, and has a 
physician editor who does not favor the chatty style that so 
belittles the subject and the readers of the other throwaways. 
Despite these features, we do not consider American Family 
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Physician to be comparable to the legitimate journals. The 
most glaring differences are the failure to publish original 
research, the lack of critical responses by the readers, and 
the total reliance on advertising to fund the journal. The 
society that owns it should seriously consider whether this is 
the best they can do to support research into their specialty, 
and whether the good doctors who receive this throwaway 
would not be delighted to pay for a serious journal that gives, 
rather than merely takes. We feel that they should collectively 
hang their heads in shame. 


Why Do We Worry About It? 


We don't worry about all this merely because every one of 
these throwaway journals represents that many more trees 
felled. (American Family Physician is inflated by over 200 
pages of ads and weighs in at a hefty 2 pounds per issue. 
They mention that they consumed 2,701,000 pounds of stock 
in 1987, 121,000 going for the cover alone [4]). We are 
concerned that each one of these sad publications, with their 
pretended missions, clutters up the mails, the literature, and 
our minds. Each one stops people from learning to keep up 
to date by reading in a critical manner what is coming out in 
the primary literature. We object to the fact that advertising 
people, with our unthinking connivance, are foisting this pulp 
on our profession. They are encouraging us to give up our 
critical faculties to support their enterprises while diverting 
our energies from the research endeavors that are our future. 
They seem to be telling us that we do not need to know 
anything in depth, and during the bleak task of reading 
through these throwaways, it more than once occurred to us 
that we might soon expect cartoon stories and pop-up illus- 
trations, say of the abdominal contents—the gallbladder falls 
off when you snip the cystic duct at the dotted line. 

Throwaways claim to be for the “busy practicing physician.” 
This carries the implication that people who really want to 
keep up with the literature are somehow not busy, or that the 
practitioners who receive their journals are so limited and lazy 
and so prepared to give up any pretence of being able to 
read and judge the quality of the research articles on which 
everyone's practice is ultimately based, that they will be happy 
to put up with this pablum. 

We believe that advertisers should have the right to put 
their ads where they wish. But we worry that the advertisers 
encourage these throwaways to siphon away advertising 
revenues from the struggling specialty journals that support 
the expensive enterprise of painstaking editorial peer review. 


What Is the Solution? 


We believe in the First Amendment rights of everyone to 
publish whatever they like. As we have made clear, however, 
we don’t need to encourage this sort of advertising disguised 
as medical journalism. So who encourages it and how do we 
stop this? 
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First, the consumers. We must teach medical students, 
residents, and practicing physicians how to read journals 
critically [23]. We must encourage them to judge for them- 
selves the studies on which their practice, and the reviews, 
are based. We must emphasize how much they give up 
when they decide to let others do the judging for them and 
that the throwaway reviews are not necessarily written by 
those who are particularly critical or unbiased. We might ask 
those who get these throwaways to return them, at cost, to 
the throwaways. 

Second, the producers. No self-respecting physician shouid 
agree to be on the editorial boards of throwaways. They 
should be told by their friends that they are merely being used 
and that the honorarium is not worth the disgrace. All those 
physicians in teaching hospitals should stop contributing ar- 
ticles to this pile of rubbish. To help them, academic promo- 
tions committees should make it clear that such publications 
will not be assessed to the credit of the applicant but will 
result in penalties. The chairpersons of academic departments 
should question the authors about why they cannot use their 
time more productively. Finally, the legitimate journals have 
got to recognize the commercial threat these throwaways 
represent and improve their own scholarly reviews, their 
graphics, and their editing. If all this comes to pass, advertis- 
ers will discover the benefits of supporting the legitimate 
journals that themselves support research and there won't 
be any throwaways to throw away. 
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Low-Attenuation Mediastinal Masses on CT 


The pictorial essay by Glazer et al. [1] is an excellent review of 
low-attenuation mediastinal masses seen on CT. However, my col- 
leagues and | [2] have reported a case of a mediastinal neurofibro- 
Sarcoma in a 52-year-old man who had no medical history or clinical 
signs of neurofibromatosis. This homogeneous and water-density (5- 
18 H) mediastinal mass showed slight peripheral enhancement. The 
neurofibrosarcoma was located in the middle and posterior medias- 
tinum, in contact with the anterior vertebral bodies. No bone erosion 
or lymph node enlargement was observed. The biopsy specimen was 
obtained via thoracotomy. The patient died 6 months after combined 
chemotherapy and radiotherapy. Our review of the literature [2] 
confirmed that neurofibrosarcomas have an identical low-attenuation 
appearance on CT, in almost all body locations. 

Although Glazer et al. [1] state that “various degrees of inhomo- 
geneity and contrast enhancement can be seen in both benign and 
malignant neural tumors,” they do not refer specifically to neurofibro- 
Sarcoma presenting as a low-attenuation mediastinal mass. | think 
that this lesion, which is rare in the general population but not in 
patients with neurofibromatosis, should be included in the differential 
diagnosis of low-attenuation mediastinal masses seen on CT. 

Apostolos H. Karantanas 
Medical School, University of loannina 
loannina 451 10, Greece 
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Noncommunicating Pulmonary Arteriovenous 
Malformations 


A 7-year-old boy was referred for evaluation of an asymptomatic 
cardiac murmur. Results of the physical examination were normal 
except for a grade 2 short ejection systolic murmur heard widely over 
the precordium. ECG and echocardiography were normal. A chest 
radiograph showed abnormal peripheral pulmonary vascularity bilat- 
erally (Fig. 1A). Cardiac catheterization showed normal oxygen sat- 
uration on both sides of the heart and normal central vascular 
pressures. The systemic arterial Poz rose to 434 torr when the patient 
was breathing 100% oxygen. 

Pulmonary angiography showed normal distribution of the pulmo- 
nary arteries, which were tortuous (Fig. 1B). Contrast material tra- 
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versed the pulmonary capillary bed and returned by way of large 
tortuous anomalous veins that coincided with the abnormal vessels 
seen on the chest radiograph. The pulmonary venous return was 
exclusive to the left atrium. Indicator dilution curves showed normal 
transit time through the lungs. An intrapulmonary venoarterial shunt 
thus was ruled out. It was concluded that the patient had an unusual 
noncommunicating arteriovenous malformation. 

Congenital pulmonary arteriovenous malformation is caused by a 
defect in the terminal capillary loops of the splanchnic plexus with 
subsequent dilatation and formation of thin-walled vascular sacs 
supplied by a single distended afferent artery and drained by one or 
two distended afferent veins. Approximately one third of such lesions 
are multiple, and about 50% are associated with arteriovenous mal- 
formations in the skin, mucous membranes, and other organs as part 
of Rendu-Osler-Weber syndrome [1]. Conversely, only 15% of pa- 
tients with this syndrome have pulmonary lesions. 

The radiologic appearance of pulmonary arteriovenous malforma- 
tions includes round or oval homogeneous masses that are sharply 
defined, sometimes lobulated, preferentially located in the medial third 
of the lung, and range from less than 1 cm to several centimeters in 
diameter. Identification of feeding and draining vessels is essential 
for the diagnosis. Angiography confirms the findings and shows the 
arteriovenous shunt with early venous drainage [2]. 

Pulmonary arteriovenous malformations usually are recognized in 
adulthood. Only about 10% are diagnosed in infancy or childhood. 
They are twice as frequent in females as in males. Most are asymp- 
tomatic. Hemoptysis, dyspnea, cyanosis, clubbing, polycythemia, and 
paradoxical embolism can occur. Multiple pulmonary arteriovenous 





Fig. 1.—Noncommunicating pulmonary arteriovenous malformation. 

A, Chest radiograph shows multiple tortuous vessels distributed 
throughout both lungs and extending to subpleural region. 

B, Pulmonary angiogram (venous phase) shows large tortuous pulmo- 
nary veins that account for majority of vascular shadows noted in A. 
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malformations can distort the plain film appearance of the pulmonary 

vascular pattern. Extensive diffuse changes without obvious symp- 

tomatology can, in rare instances, be due to noncommunicating 
pulmonary arteriovenous malformations. 

Paul Stark 

Brigham and Women's Hospital 

Harvard Medical School 

Boston, MA 02115 

Erik Bjarke 

Loma Linda University Medical Center 

Loma Linda, CA 92354 
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Cancer, the Crab 


It is not often that a disease process either as clearly, or as 
eloquently, announces its own presence. The malignant calcifications 
shown on the mammogram (Fig. 1) are clearly recognizable as a crab. 
The word “cancer,” of course, is derived from the Latin word for crab. 

F. |. Jackson 
Cross Cancer Institute 
Edmonton, Alberta, Canada T6G1Z2 





Fig. 1.—A and B, Mammogram (A) shows calcifications that clearly are 
recognizable as a crab (B). 


Intrahepatic Abscess: A Rare Complication of 
Ventriculoperitoneal Shunt 


A 24-year-old man with aqueductal stenosis had dyspnea, dry 
cough, right-sided pleuritic chest pain, and spiking fevers 3 weeks 
after conversion of an obstructed ventriculoazygous shunt to a right- 
sided ventriculoperitoneal shunt. Plain chest radiographs (Fig. 1A) 
showed a right-sided pleural effusion and subsegmental atelectasis 
of the base of the right lower lobe. Sonographically guided thoracen- 
tesis of the effusion yielded an exudate, but serial bacterial cultures 
did not show any growth. Sonography subsequently showed an 8- 
cm cystic lesion in the anterior segment of the right lobe of the liver. 
The cyst contained internal echoes, thick septa, and the tip of the 
peritoneal shunt catheter. CT confirmed these findings (Fig. 1B), and 
CT-guided fine-needle aspiration of the cyst yielded an exudate 
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Fig. 1.—Intrahepatic abscess associated with a ventriculoperitoneal 
shunt. 

A, Chest radiograph of supine patient shows right-sided pleural effusion 
and atelectasis of right lower lobe. Tip of shunt (arrow) is visible, but its 
precise position relative to liver and diaphragm is difficult to define. 

B, CT scan shows a hypodense intrahepatic cyst containing ventriculo- 
peritoneal shunt. 


containing Gram-positive cocci; Staphylococcus albus was grown in 
culture. Cranial CT showed no hydrocephalus. The infected shunt 
was removed and replaced with a left-sided ventriculoperitoneal 
shunt, and the patient was treated with IV antibiotics. Although no 
formal drainage of the hepatic abscess was performed, sonography 
of the liver 3 weeks later was normal, and sonography and plain 
radiographs of the chest at this time showed the pleural effusion was 
decreasing. IV antibiotics were continued for 2 months, and at 
discharge the patient had a normal temperature and hemogram. 

With the advent of soft Silastic (polymeric silicone) tubing, ventric- 
uloperitoneal shunting has become the method of choice for manage- 
ment of hydrocephalus. Complications from the presence of a cath- 
eter in the peritoneal cavity nevertheless do occur; these include 
migration of the tube and formation of pseudocysts. Virtually any 
intraabdominal structure can become involved, so symptoms and 
signs are protean and often misleading [1]. 

Intrahepatic migration of the peritoneal end of a ventriculoperitoneal 
shunt is a particularly rare complication. Only three cases have been 
reported previously [2, 3]. In two of these, the initial diagnoses (right 
lower lobe pneumonia [2] and acute cholecystitis [3]) were incorrect. 
Similarly, in our case, the presenting symptoms and signs of the 
intrahepatic abscess mostly were due to transdiaphragmatic inflam- 
mation of the pleura of the right side. Accurate diagnosis was 
achieved by using sonography and CT combined with percutaneous 
fine-needle aspiration. Others also have used shuntography with 
radiologic contrast material [3] and radionuclides [1] to show intraab- 
dominal pseudocysts associated with ventriculoperitoneal shunts. 

Treatment of infected pseudocysts usually involves a combination 
of aggressive antibiotic therapy and either replacement of the ventric- 
uloperitoneal shunt or temporary externalization of its peritoneal 
component [1-3]. In our case, the hepatic abscess resolved without 
any therapeutic drainage procedure; similar results were reported by 
Touho et al. [4]. 

Our case underscores the importance of maintaining a high index 
of suspicion with respect to the potential intraabdominal complica- 
tions of ventriculoperitoneal shunts if unnecessary delays in estab- 
lishing an accurate diagnosis and starting appropriate therapy are to 
be avoided. 

Charles G. Peterfy 

Mostafa Atri 

Montreal General Hospital 

Montreal, Quebec, Canada H3G 1A4 
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Colonic Anisakiasis Simulating Carcinoma of the 
Colon 


A 52-year-old man was admitted because of colicky pain in the 
right flank. Twenty hours before the onset of the abdominal pain, he 
had ingested raw fish (mackerel) as sashimi. Physical examination 
showed a soft, egg-sized mass and tenderness in the right upper 
quadrant. The WBC count was 9000 cells/ul, with 6% eosinophils. 
Sonograms of the ascending colon near the hepatic flexure showed 
marked thickening of the bowel wall. Barium enema showed an 
apple-core lesion at the ascending colon, suggesting carcinoma of 
the colon (Fig. 1A). Colonic endoscopy showed smooth and edema- 
tous mucosal surface without any ulceration. Biopsy of the edema- 
tous region showed an intensive eosinophilic infiltrate. No drug ther- 
apy was Started. The patient's signs and symptoms had almost 
disappeared by the fifth hospital day. Sonograms on the 10th day 
showed dramatic thinning of the involved bowel wall of the colon, 
and barium enema on the 14th day showed neither a stenotic nor an 
apple-core lesion in the ascending colon (Fig. 1B). Immunoelectro- 
phoresis showed that the patient was seropositive for the Anisakis 
larva antigen. 





Fig. 1.—Colonic anisakiasis simulating carcinoma of the colon. 

A, Early in course of disease. Sonograms (top) through ascending colon 
near hepatic flexure on first hospital day show markedly thickened bowel 
wall. Barium enema (bottom) on second day shows apple-core lesion at 
ascending colon. 

B, Later in course of disease. Sonograms (top) on 10th day show 
decreased thickness of colonic wall. Barium enema (bottom) on 14th day 
shows no apple-core lesion. Note minimally rigid outline (arrows). 
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The findings of an acute, transient segmental colitis with the 
appearance on barium enema of an apple-core lesion, an eosinophilic 
infiltrate, a peripheral eosinophilia, the recent history of ingesting raw 
fish, and positive serologic tests for Anisakis larval antigen suggested 
colonic anisakiasis. To our knowledge, only two case reports of 
colonic anisakiasis have been published before [1, 2]. 

Anisakiasis is a parasitic disease of the gastrointestinal tract 
caused by ingestion of live Anisakis larvae present in fish. Although 
anisakiasis is not a rare disease in Japan and the Netherlands, where 
people habitually eat raw or undercooked fish, reports from North 
America are quite rare. However, cases of anisakiasis are becoming 
more frequent in the United States in conjunction with a growing 
enthusiasm among Americans for raw fish. In most patients with 
intestinal anisakiasis, definite diagnoses are made after laparotomy. 
However, surgical intervention should be supplanted by more con- 
servative treatment when intestinal anisakiasis is strongly suspected 
because the disease is usually transient. 

Masafumi Shirahama 
Takafumi Koga 

Satoshi Uchida 

Yuichi Miyamoto 

Yoshiro Ohta 

Saga Prefectural Hospital 
Saga 840, Japan 

Hiromi Ishibashi 

Kyushu University 
Fukuoka 812, Japan 


REFERENCES 


1. Richman RH, Lewicki AM. Right ileocolitis secondary to anisakiasis. AJR 
1973;119:329-331 

2. Higashi M, Tanaka K, Kitada T, Nakatake K, Tsuji M. Anisakiasis confirmed 
by radiology of the large intestine. Gastrointest Radiol 1988:13:85-86 


Diagnostic Imaging of the Temporomandibular 
Joint 


We read with interest the article by Helms and Kaplan [1] on the 
various techniques for diagnostic imaging of the temporomandibular 
joint (TMJ). They stated that CT was far better than conventional 
radiographs for imaging bony disease but that the information ob- 
tained was usually not important enough to warrant using CT instead 
of plain films. We agree that CT is superior to conventional tomog- 
raphy, but we think that CT is an informative technique for showing 
bony changes of the TMJ and that it should be used more often for 
diagnostic imaging of this joint in patients who have rheumatoid 
arthritis. 

We have completed a study [2] of the TMJ in 26 patients with 
rheumatoid arthritis and 26 control subjects admitted for sciatica and 
selected on the basis of age and sex to match the rheumatoid arthritis 
group. Hypocycloidal conventional tomography and direct coronal CT 
(direct sagittal CT was impossible because of painful cervical spine) 
were performed. Tomography showed erosive or cystic lesions of 
the TMJ in 73% of the rheumatoid arthritis group vs 38% of the 
control group. Direct coronal CT showed erosive or cystic lesions of 
the joint in 88% of the rheumatoid arthritis group vs 58% of the 
control group. Direct coronal CT allowed a better estimate of erosions 
and cysts of the mandibular condyle than tomography did. However, 
bony changes of the articular fossa were better estimated by using 
tomography than by using direct coronal CT. 

We think that coronal CT examination is the procedure of choice 
to show bone lesions of the TMJ in rheumatoid arthritis and that use 
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of CT in association with tomography allows the most accurate 
evaluation. 

Ph. Goupille 

B. Fouquet 

Ph. Cotty 

D. Goga 

J.-P. Valat 

Trousseau Hospital 

37044, Tours, France 
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Reply 


We acknowledge the remarks of Goupille et al. that coronal CT is 
an excellent procedure for showing bony lesions in the temporoman- 
dibular joint in patients with rheumatoid arthritis and that in associa- 
tion with conventional tomography for examining the bony changes 
of the articular fossa, a complete examination of the bony changes 
of rheumatoid arthritis can be performed. However, we stand by our 
statement that the information obtained with CT is generally not 
Clinically significant enough to warrant a CT examination or conven- 
tional tomography in lieu of plain films. We feel strongly that an 
examination should not be used just because it can reveal more 
information. If the extra information does not result in an alteration in 
treatment, then the cost and the exposure to radiation make it 
inappropriate to use the procedure in every case. Although the 
imaging protocol recommended by Goupille et al. may result in more 
information in patients with rheumatoid arthritis, our clinicians would 
not alter their treatment on the basis of the small increase in the 
information on bony changes; therefore, CT and conventional tomog- 
raphy are not recommended. 

Clyde A. Helms 

University of California Medical Center 
San Francisco, CA 94143 

Phoebe Kaplan 

University of Nebraska Medical Center 
Omaha, NE 68105 


Radiologic Appearance of Intramuscular 
Hemangioma 


The authors of the pictorial essay, “Radiologic Appearance of 
Intramuscular Hemangioma with Emphasis on MR Imaging” [1], which 
appeared in the March 1990 issue of the AJR, made a mistake in 
their reference to the paper by Burrows et al. [2], of which | am a 
coauthor. They described our paper as one of two previous reports 
that have shown “the superiority of MR over CT or angiography in 
delineating the extent of these lesions [hemangiomas].” Our paper 
states nothing of the sort. In fact, it does not even mention CT or 
MR. Our paper does list clinical and angiographic criteria to differen- 
tiate hemangiomas from vascular malformations; however, these 
criteria were not used by Buetow et al. [1] in describing their own 
cases. Instead, they simplified the pathologic changes and called all 
the lesions hemangiomas. Most are clearly vascular malformations. 
By perpetuating old ideas and terminology, Buetow et al. have missed 
a chance to educate radiologists about the differences between 
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hemangiomas (tumors) and vascular malformations (congenital anom- 
alies in vessel formation). 

Kenneth E. Fellows 

The Children’s Hospital of Philadelphia 

Philadelphia, PA 19104 
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Reply 


We thank Dr. Fellows for his comments on our pictorial essay [1], 
which underscore the differences of opinion on the nature of these 
benign vascular lesions. The article by Burrows et al. [2] defines 
hemangiomas (tumors) as “benign endothelial cell neoplasms that 
appear in infancy and usually have a natural history of proliferation 
and involution.” In contrast, vascular malformations (congenital anom- 
alies in vessel formation) are “errors of vascular morphogenesis that 
are present at birth, grow with the child, and never involute but often 
expand.” These definitions stem from a classification by Mulliken and 
Glowacki [3] for hemangiomas and vascular malformations that is 
based on endothelial characteristics, which appeared in Plastic and 
Reconstructive Surgery in March 1982. Not everyone, however, 
agrees with this classification. 

We classify soft-tissue hemangiomas broadly as a spectrum of 
benign neoplasms that closely resemble normal blood vessels [4]. 
This definition is clearly in accordance with commonly accepted 
histologic criteria and is that used by Enzinger and Weiss, authors of 
the current standard text [4] on soft-tissue pathology. Contrary to 
Dr. Fellows’s assertions, we do not consider this classification of 
soft-tissue hemangiomas a simplification of the pathologic findings 
but rather a recognition of the spectrum of histologic features. To 
divide these lesions into two distinct groups, hemangiomas and 
vascular malformations, is an oversimplification and ignores those 
lesions that fall between these extremes or that may have histologic 
features of both. The latter type of lesion commonly is encountered 
by pathologists who see a large number of soft-tissue tumors. 

The paper by Burrows et al. [2] was cited along with a second 
article [5] with the intention of (1) recognizing previous reports dealing, 
respectively, with the angiographic and CT findings of soft-tissue 
hemangiomas and (2) increasing the reader's awareness of the 
literature as cited in the two papers. We regret that the sentence is 
worded in such a way as to suggest that these papers included 
comparisons with MR findings. 

The intent of our pictorial essay is to show the radiologic appear- 
ance of hemangiomas and to emphasize the MR appearance as a 
reflection of the underlying gross morphology. As we noted in our 
opening paragraph—and this cannot be overemphasized—“termi- 
nology is often confusing.” However, we have chosen to classify 
these lesions in accordance with currently accepted histologic criteria 
as presented by Enzinger and Weiss [4]. We trust that other radiol- 
ogists will find this classification scheme acceptable and may profit 
from our efforts. 

Mark J. Kransdorf 

Peter C. Buetow 

James S. Jelinek 

Walter Reed Army Medical Center 
Washington, DC 20307-5001 
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MR Imaging of Deep Venous Thrombosis 


MR imaging has an important clinica! contribution to make in 
patients with suspected deep venous thrombosis, especially those 
with a history of chronic deep venous thrombosis. In a recent report 
on an evaluation of MR pulse sequences in this disease, Totterman 
et al. [1] conclude that gradient-recalled acquisition in the steady 
State is superior to spin-echo imaging because of enhanced ability to 
distinguish thrombus from flowing blood. We think this is a misleading 
conclusion because Totterman et al. have not used all the acquired 
information in their interpretation of the spin-echo images. 

Phase data, which are acquired as part of all MR imaging acquisi- 
tions, are exquisitely sensitive to motion and thus can be used to 
distinguish flowing blood from stationary thrombus. Unfortunately, 
phase information is not made available to the user by some manu- 
facturers of MR hardware. We have used T1-weighted spin-echo 
images with phase reconstruction data in more than 200 patients 
with suspected deep venous thrombosis of the extremities. We have 
found that the spin-echo with phase technique is accurate (sensitivity, 
90%; specificity, 100%) [2] and provides a higher quality image than 
gradient-reversal methods do. 

The suggestion of Totterman et al. that the heterogeneous ap- 
pearance noted on GRASS images “may reflect age-related changes 
in the composition of the thrombus” is only partially correct. We 
Studied this issue by serial imaging of both patients and animals 
(dogs) with known deep venous thrombosis [3]. We found that 
thrombotic material does not change its T1 and T2 characteristics, 
and thus its MR appearance, over a period of 2 hr to 3 weeks. We 
did observe, however, the development of age-related heterogeneity 
within the thrombus and found that this is related to recanalization 
and subsequent restoration of channels of flow. This explains why 
Totterman et al. found the flow-sensitive GRASS sequence most 
reliable in showing these changes. We subsequently have found that 
the phase image affords excellent sensitivity to these recanalization 
changes, whereas the spin-echo magnitude image allows identifica- 
tion of perivascular edema, which is an indicator of acute disease. 

Thus, contrary to the conclusion of Totterman et al., the spin-echo 
technique can offer excellent sensitivity as well as the ability to 
distinguish acute from chronic venous thrombosis. 

William A. Erdman 

Robert W. Parkey 

The University of Texas 

Southwestern Medical Center at Dallas 
Dallas, TX 75235-9071 


REFERENCES 


1. Totterman S, Francis CW, Foster TH, Brenner B, Marder VJ, Bryant RG. 
Diagnosis of femoropopliteal venous thrombosis with MR imaging: a 


LETTERS 897 


comparison of four MR pulse sequences. AJA 1990-154:175~-178 

2. Erdman WA, Jayson HT, Redman HC, Miller GL. Parkey RW, Peshock 
RM. Deep venous thrombosis of extremities: role of MR imaging in the 
diagnosis. Radiology 1990;174: 425-431 

3. Erdman WA, Weinreb JC, Cohen JM, Buja LM, Chaney ©, Peshock RM. 
Venous thrombosis: clinical and experimental MR imaging. Radiology 
1986;161: 233-238 


Reply 


My colleagues and | agree with Erdman and Parkey that phase 
information can be useful in showing flow. The clinical study [1] cited 
by them was apparently successful in identifying venous thrombi 
when the T1-weighted sequence was used. However, no comparison 
was made with other approaches, and, in particular, a gradient- 
recalled acquisition in the steady state sequence was not used. Our 
study [2] compared a gradient-recalled echo sequence with standard 
spin-echo imaging sequences that included three choices of acquisi- 
tion parameters, including T2-weighted, T1-weighted, and spin-den- 
sity images. In this comparison, the gradient-recalled echo sequence 
provided the greatest clinical efficiency as well as the best image 
contrast for visualization of clots. No attempt was made to draw 
conclusions about pulse sequences or image reconstruction methods 
other than those directly reported and compared. On current clinical 
hardware, application of the gradient-recalled sequences is efficient 
and provides excellent visualization of thrombi. 

We also agree with Erdman and Parkey that recanalization of 
thrombus that restores areas of flow could result in image heteroge- 
neity. However, any cause for spatial heterogeneity of the apparent 
T1 or T2 could result in similar image heterogeneity. Causes other 
than flow for changes in T1 and T2 may include alterations in the 
degree of clot retraction, differences in the concentration or oxygen- 
ation of hemoglobin, or other biochemical heterogeneity within the 
thrombus. indeed, using clots prepared in vitro in the absence of 
flow, we have observed image heterogeneity similar to that seen in 
clots in patients. Even the report [3] cited by Erdman and Parkey 
indicates that they were unable to document that the image hetero- 
geneity seen in clinical thrombi was due to flow in 11 of 13 cases. 
We think that additional study is needed to characterize age-related 
changes in thrombi and to document their biochemical, physical, or 
histologic basis. 

Saara Totterman 
University of Rochester, School of Medicine and Dentistry 
Rochester, NY 14642 
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Mesenteric Aneurysms Associated with Ergotism 


Peripheral ischemia, caused by arterial spasm, and subsequent 
gangrene are rare yet well-described complications associated with 
ergotamine therapy for migraine headaches [1]. Although formation 
of renal artery aneurysm has been associated with chronic ergotism 
[2], to our knowledge, no reports of associated mesenteric artery 
aneurysm have been published. 
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Fig. 1.—Mesenteric aneurysms associated with ergotism. 

A, Superior mesenteric angiogram shows fusiform aneurysm of jejunal 
branch associated with spasm of other jejunal and ileal branches. 

B, Femoral arteriogram shows occlusion of superficial femoral artery 
and diffuse spasm of reconstituted distal part of superficial femoral artery. 


A 50-year-old woman was referred for routine evaluation of periph- 
eral vascular disease. She had had increasing bilateral leg cramping 
and numbness for 10 years, and recently an ulcer of the left foot had 
developed. She had taken Cafergot (Sandoz Pharmaceuticals, East 
Hanover, NJ) for 30 years for persistent migraine headaches. On 
admission, however, she had acute abdominal distress associated 
with vomiting, diarrhea, and hypotension. Abdominal CT showed an 
acute retroperitoneal hematoma in the region of the lesser sac. At 
surgery, a bleeding aneurysmal branch of the superior mesenteric 
artery was ligated. Subsequent selective superior mesenteric angiog- 
raphy showed a fusiform aneurysm of a jejunal branch and diffuse 
spasm of other branches (Fig. 1A). A femoral arteriogram showed 
marked spasm involving the proximal left femoral artery and occlusion 
of the proximal left superficial artery (Fig. 1B). 

Mesenteric aneurysms are rare, and the mortality rate for ruptured 
aneurysms is high [3]. Aneurysm is not often attributed to ergotism, 
but few angiographic studies of this condition, especially involving 
vessels other than the lower extremities, have been done. It has been 
suggested [2] that ergotism causes persistent constriction of vasa 
vasorum, which may lead to mural fibrosis of the intima and media 
with subsequent formation of an aneurysm. Vascular insufficiency 
from ergotism is well known; spasm, collateral formation in chronic 
cases, and, rarely, formation of intravascular thrombus have been 
described [4]. Vasospasm associated with ergotism often responds 
to conservative therapy such as drug withdrawal or oral nifedipine. 

It is important to recognize that ergotamine may cause signs and 
symptoms of peripheral vascular insufficiency. In addition, because 
radiologists often see vascular abnormalities such as vasospasm or 
aneurysm on angiography, an iatrogenic cause such as chronic 
ergotism should be investigated. 

Richard H. Tupler 

Surrendra K. Bansal 

Mercy Hospital of Pittsburgh 
Pittsburgh, PA 15219 
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Vena Caval Filter Placement Via the External 
Jugular Vein 


For approximately 15 years, the Greenfield filter (Medi-tech/Boston 
Scientific, Watertown, MA) for prevention of pulmonary embolism in 
venous thromboembolic disease generally has been inserted through 
surgical cutdown of the right internal jugular vein or the right femoral 
vein. More recently, this filter has been placed percutaneously. How- 
ever, this requires using a large, stiff introducer of 29-French outer 
diameter, which causes mild to moderate patient discomfort and, 
potentially, local vascular complications [1]. Introduction of the filter 
via the left femoral vein or the left internal jugular vein is difficult 
because the metallic carrier capsule is large and rigid, and it is not 
easy to negotiate the more angular pathways from the puncture site 
to the inferior vena cava. These are some of the reasons for the 
recent development of new filters with smaller and more flexible 
delivery systems for easier placement via a greater number of access 
routes. These filters, which are currently either approved by the Food 
and Drug Administration or investigational, include the Amplatz filter 
with a 14.3-French introducer (William Cook, Europe, Bjaerverskov, 
Denmark), the bird’s-nest filter with a 14-French introducer (Cook 
Inc., Bloomington, IN), the Gunther filter with a 12-French introducer 
(William Cook), the LGM filter with a 12-French introducer (LM Med- 
ical, Chasseneuil, France), and the Simon nitinol filter with a 9-French 
introducer (Nitinol Medical Technologies, Inc., Woburn, MA) [2]. 

All the new filters can be placed percutaneously via either a femoral 
or internal jugular approach. Our experience includes placement of 
the Simon nitinol filter in 32 patients, the bird’s-nest filter in 14 
patients, and the LGM filter in 21 patients. We have used either the 
femoral vein or the right internal jugular vein for most of the place- 
ments. We report the successful placement of five of the new filters 
through both the right and the left external jugular veins in four 
patients. 

All four patients had deep venous thrombosis involving both fem- 
oral veins or the lower inferior vena cava. In one patient, neither 
internal jugular vein could be entered because of technical difficulty, 
and a Simon nitinol filter was placed successfully via the left external 
jugular vein (Fig. 1). In the other three patients, the right external 
jugular vein was used as the primary access. In one of these three 
patients, two filters (one LGM filter and one bird’s-nest filter) were 
placed in the inferior vena cava. The LGM filter, which was used first, 
failed to open after being released, because of caval narrowing by 
pericaval tumor. As a result, we used the same external jugular 
access to place a bird’s-nest filter above the LGM filter in the 
suprarenal inferior vena cava. We placed a bird’s-nest filter in the 
third patient and an LGM filter in the fourth. 

The external jugular vein usually runs obliquely down the neck in 
the direction of a line drawn from the angle of the mandible to the 
midclavicular level where it enters the subclavian vein, but variations 
can occur. The side of the puncture is chosen according to the degree 
of visibility of the external jugular vein. The patient lies supine with 
the head turned away from the side of puncture. The vein is distended 
visibly by having the patient perform the Valsalva maneuver or by 
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Fig. 1.—Placement of vena caval filter via external jugular vein. 

A, Radiograph shows guidewire introduced into left brachiocephalic 
vein (arrowheads) via left external jugular vein (arrows). 

B, Radiograph shows Simon nitinol filter in place in inferior vena cava. 


pressing a finger over the lower part of the vein. A superficial nick is 
made in the skin over the vein at the level selected to allow easy 
manipulation of catheters and sheaths, preferably well above the 
clavicle. A single-wall puncture needle is advanced into the vein 
through the puncture site while gentle suction is applied. Once the 
vein is entered, an angiographic guidewire is advanced into the vein 
and maneuvered into the superior vena cava through the right atrium 
and then into the inferior vena cava. The most difficult part of the 
procedure is negotiating the junction of the external jugular and 
subclavian veins, where an acute angle and a valve may be present. 
A steerable wire usually crosses this point easily. Sometimes the 
injection of contrast medium or road mapping with digital fluoroscopy 
is helpful in negotiating an unusual anatomic variation and facilitates 
catheterization. After an inferior venacavogram is obtained, the deliv- 
ery catheter is introduced and positioned at the appropriate level in 
the inferior vena cava. The filter then is inserted in the prescribed 
fashion. 

Although the first choice of entry site for filter placement is a 
femoral vein, we now use an external jugular vein with increasing 
frequency when neither femoral vein is accessible. This is much 
easier than using the internal jugular approach. Although a Simon 
nitinol filter was placed successfully via the left external jugular vein, 
this may be more difficult than the corresponding right-sided ap- 
proach, particularly with filters with somewhat larger and stiffer 
introducers, because a sharper angle must be negotiated at the 
junction between the left brachiocephalic vein and the superior vena 
cava. 

The external jugular vein long has been used as a route for 
placement of central venous catheters. This vein is close to the skin 
in the neck, so it is easier to obtain hemostasis at the puncture site, 
and complications associated with puncture of the deep internal 
jugular vein are minimized. Furthermore, the puncture of this vein 
often is more comfortable for the patient than puncture of the internal 
jugular vein. This route can also facilitate filter placement in patients 
with short necks or kyphosis. In such patients, the body of the 
mandible may create a steeper and more difficult insertion angle into 
the jugular vein. 
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Complications associated with catheterization of the external jug- 
ular vein are relatively insignificant in comparison with those associ- 
ated with catheterization of the internal jugular vein. These may 
include easily controllable hematomas at the puncture site and pos- 
sible thrombotic occlusion [3]. However, no serious complications 
such as pneumothorax, inadvertent puncture of adjacent arteries, 
thoracic duct injury, or nerve injuries, which may be encountered with 
catheterization of the internal jugular vein, have been reported [3]. 
We had no complications associated with placement of the filter via 
the external jugular approach in this small series. 

In conclusion, the external jugular vein is a useful and safe alter- 
native access route for placement of the new inferior vena caval 
filters when access via the femoral vein or the internal jugular vein is 
impractical. It should be considered when femoral catheterization is 
unsuccessful or when the person placing the filter lacks expertise or 
confidence in internal jugular vein cannulation. 

Ducksoo Kim 
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David H. Porter 

Morris Simon 
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Intracranial Ganglioglioma: MR Imaging 


It was with great interest that we read the excellent article on 
intracranial ganglioglioma by Castillo et al. [1]. We recently encoun- 
tered a histologically proved case of ganglioglioma in the posterior 
fossa in a 6-year-old child. CT scan showed a large hypodense lesion 
with partial enhancement after administration of IV contrast medium. 
MR imaging showed a lesion consisting of two parts. A large, cystic 
part located in the brainstem had low signal intensity on T1-weighted 
images. The solid part of the tumor was dorsal to the cystic compo- 
nent of the tumor and had low to intermediate signal intensity (Fig. 
1A). The solid part of the tumor showed marked enhancement after 
IV administration of gadopentetate dimeglumine (Fig. 1B). T2- 
weighted images showed a high signal intensity of the cystic part of 
the lesion. 

Unlike the case described by Castillo et al., in our case, marked 
enhancement of the solid part of the tumor occurred after IV admin- 
istration of gadopentetate dimeglumine. We agree with the authors 
that gadolinium-enhanced images define the tumor margins better 
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Fig. 1.—Intracranial ganglioglioma. 

A, Sagittal T1-weighted MR image shows large, low-signal-intensity 
cystic part of lesion in brainstem and intermediate-signal-intensity solid 
part. 

B, T1-weighted MR image shows marked enhancement of solid part of 
tumor after administration of IV gadopentetate dimeglumine. 


than unenhanced images do. Multiplanar imaging by MR is an addi- 
tional advantage of MR compared with CT. 
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Reply 


We thank Algra et al. for their interest in our paper, “Intracranial 
Ganglioglioma: MR, CT, and Clinical Findings in 18 Patients” [1]. 
Gangliogliomas occur throughout the CNS; however, we personally 
have not seen this tumor arise within the medulla. In our series, 75% 
of infratentorial gangliogliomas were cystic. On CT, 50% of all cystic 
tumors showed contrast enhancement. The enhancing regions were 
always amid the tumor or intimately associated with it. Our experience 
with gadolinium-enhanced MR imaging of gangliogliomas is limited to 
two cases. One was described in our paper, and recently we saw a 
second case in which the tumor showed enhancement after admin- 
istration of gadopentetate dimeglumine. The patient in the second 
case had had partial resection and radiation therapy. Therefore, it 
was not possible to discern whether the enhancement was inherent 
to the tumor or was a result of treatment. In the case presented by 
Algra et al., the enhancing part of the tumor is remote to the cyst 
and, in our opinion, the tumor is radiologically indistinguishable from 
an astrocytoma or a hemangioblastoma (rare in young children). Their 
case supports our impression that the radiologic manifestations of 
ganglioglioma are protean and that this tumor should be included in 
the differential diagnosis of cystic infratentorial masses. 

Mauricio Castillo 

Patricia C. Davis 

Emory University Hospital 
Atlanta, GA 30322 
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Parasellar Osteochondroma 


Osteochondromas originating from the base of the skull are rare 
[1]. We report a case in which the tumor originated from the posterior 
clinoid process in the parasellar region. 

A 26-year-old woman was admitted because of headache. Radio- 
graphs of the skull showed a cauliflower-shaped lesion in the right 
parasellar region extending posteriorly from the posterior clinoid 
process (Figs. 1A and 1B). CT scans showed a lobulated calcification 
originating from the right posterior clinoid process (Fig. 1C). 

Most osteochondromas that arise from the base of the skull are in 
the middle cranial fossa where cranial sutures converge. They prob- 
ably arise from cartilaginous rests in the basilar synchondroses [1]. 
They appear most often in women 20-30 years old. The tumors grow 
slowly and have radiologic features similar to those of osteochondro- 
mas in any other part of the body [2]. The differential diagnosis 
includes craniopharyngiomas, parasellar meningiomas, aneurysms of 
the internal carotid artery, and chondromas [2, 3]. 

Muhtesem Agildere 
Sassan Senaati 
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Hacettepe University 
Ankara, Turkey 
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Fig. 1.—Parasellar osteochon- 
droma. 

A and B, Anteroposterior (A) 
and lateral (B) radiographs of 
skull show cauliflower-shaped 
osteochondroma in parasellar re- 
gion. 

C, CT scan shows osteochon- 
droma arises from posterior cli- 
noid process and extends in par- 
asellar region posteriorly. Cauli- 
flower appearance is patho- 
gnomonic feature of this tumor. 
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Chest 


Thoracic CT scanning in critically ill patients: information obtained 
frequently alters management. Snow N, Bergin KT, Horrigan TP 
(NS, Division of Cardiothoracic Surgery, Case Western Reserve 
University School of Medicine, Cleveland Metropolitan General Hos- 
pital, Cleveland, OH 44109). Chest 97(6):1467-1470, June 1990 


Conventional radiographic studies of the chest in the intensive care 
unit often fail to positively identify suspected intrathoracic pathology 
due to many patient- and equipment-related variables. Our experience 
has indicated that CT scanning of the chest improves diagnostic 
accuracy, precisely defines anatomic abnormalities, frequently affects 
treatment decisions, and has been performed safely in this fragile 
patient population. Examples of correctable lesions have included 
pneumothorax, empyema, lung abscess, mediastinal abscess and 
pleural effusion. Chest CT findings always occurred while the portable 
plane chest radiographs were nondiagnostic. CT-directed intervention 
often improved patient outcome. 


Gastroenterology 


In vivo kinetics of radiolucent gallstone dissolution by oral dihy- 
droxy bile acids. Senior JR, Johnson MF, DeTurck DM, Bazzoli F, 
Roda E (JRS, Dept. of Medicine, Gastrointestinal Section, University 
of Pennsylvania, Philadelphia, PA 19104). Gastroenterology 99:243- 
251, 1990 


The rate of decrease of gallstone diameter appeared to be linear 
with oral bile acid treatment time, as estimated by inspection of 
graphic data of individual patient serial oral cholecystograms. A 
theoretical basis for this model was derived. The hypothesis of 
diameter decrease proportional to treatment time was tested with 
data from 223 patients with radiolucent gallbladder stones up to 20 
mm in diameter treated with 7-8 or 14-15 mg + kg™' » day™' of either 
ursodiol or chenodiol for 1 year, followed up after 3, 6, and 12 months 
of treatment. Linearity of individual sets of data points was tested by 
mathematical and statistical methods, including polynomial curve 
fitting, linear regression analysis, quadratic vs. linear analyses of 
covariance, and prediction of 12-month stone size by linear extrapo- 
lation from diameters at 0 and 6 months. Most patients (>70%) had 
rates of gallstone diameter decrease that were almost linear with 
treatment time, independently of different dissolution rates on a given 
regimen. Additional treatment time needed may be estimated from 
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cholecystograms or ultrasonograms performed before treatment and 
after several months. 


Reprinted with permission by the American Gastroenterciogical Association. 


Escherichia coli 0157:H7-associated colitis: a clinical and histo- 
logical study of 11 cases. Griffin PM, Olmstead LC, Petras RE 
(PMG, Enteric Diseases Branch, Division of Bacterial Diseases, Cen- 
ter for infectious Disease, Centers for Disease Control, Atlanta, GA 
30303). Gastroenterology 99:142-149, 1990 


Hemorrhagic colitis is characterized by abdominal cramps, bloody 
diarrhea, and no or low-grade fever. Most cases are caused by the 
Shiga-like toxin-producing bacteria, Escherichia coli 0157:H7. Nine- 
teen colonic biopsy specimens and one resection specimen were 
reviewed from 11 patients with £. coli 0157:H7 -associated colitis to 
determine whether histologic features could be useful in diagnosis or 
in suggesting pathogenesis. All specimens showed hemorrhage and 
edema in the lamina propria. Specimens from nine patients were 
focally necrotic and showed hemorrhage and acute inflammation in 
the superficial mucosa with preservation of the deep crypts, similar 
to the pattern of injury associated with acute ischemic colitis. Speci- 
mens from five patients showed neutrophils focally infiltrating the 
lamina propria and crypts, resembling the pattern of injury seen in 
infectious colitis. One or both of these histologic patterns were 
observed in specimens from all but one patient. Specimens from four 
patients had poorly formed inflammatory pseucdomembranes. It is 
concluded that the histologic features of E. coli 0157:H7 -associated 
colitis resemble a combination of ischemic and infectious injuries 
similar to those described in toxin-mediated Clostridium difficile- 
associated colitis. This suggests that the toxin(s) produced by these 
E. coli play a role in the colonic injury. infection with E. coli 0157:H7 
should be considered in the differential diagnosis of ischemic and 
infectious colitis. 


Reprinted with permission by the American Gastroenterological Association. 


Digestive Diseases and Sciences 


Long-term follow-up of 2529 patients reveais gastric ulcers rarely 
become malignant. Lee S, lida M, Yao T, Shindo S, Okabe H, 
Fujishima M (SL, Second Dept. of internal Medicine, Faculty of 
Medicine, Kyushu University, Maidashi 3-1-1, Higashi-ku, Fukuoka 
812, Japan). Dig Dis Sci 35(6):763-768, June 1990 


To examine the relationship between peptic ulcer and gastric 
cancer, we investigated 2529 patients with peptic ulcer diagnosed 
from 1963 to 1975. During the follow-up period of 9-23 years. we 
found 38 in whom gastric cancer developed or who died of gastric 
cancer. Included were nine in whom gastric cancer was detected at 
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the same site as the gastric ulcer initially diagnosed, and 22 in whom 
the gastric cancer was detected at another site. In the remaining 
seven, gastric cancer was given on the death certificate, but the 
details were unknown. When the data on gastric ulcer initially diag- 
nosed were reevaluated, gastric cancer was suspected or could not 
be completely ruled out in seven of the nine in whom gastric cancer 
was detected at the same site. In the remaining two, a diagnosis of 
benign ulcer was made even when the initial data were reviewed. in 
these two, however, there was the possibility that the initially diag- 
nosed gastric ulcer represents a phase of the “malignant cycle.” The 
number of deaths from gastric cancer in patients with gastric ulcer 
was significantly low, compared with that expected and computed 
by the age- and sex-matched general population, These results 
suggest that gastric ulcers rarely become malignant. 


Gastrointestinal Endoscopy 


Brush cytology evaluation of lesions encountered during ERCP. 
Scudera PL, Koizumi J, Jacobson IM (IMJ, Division of Digestive 
Diseases, The New York Hospital-Cornell Medical Center, 525 E. 
68th Street, New York, NY 10021). Gastrointest Endosc 36(3):281- 
284, 1990 


Malignant obstruction of the pancreaticobiliary system is a frequent 
indication for ERCP. Twenty-five patients with abnormalities sugges- 
tive of malignancy were encountered during ERCP at our institution 
and brush cytology was obtained. Positive cytology specimens were 
collected in 12 of 20 (60%) cases of malignancy causing biliary 
obstruction. Using a recently developed cytology brush for the biliary 
tree, detection of malignancy in strictures of the bile duct had a 
sensitivity of 50% and a specificity of 100%. Both cases of cholan- 
giocarcinoma were diagnosed with cytology, as were 5 of 10 cases 
of pancreatic cancer. It is concluded that brush cytology is a diag- 
nostically reliable, highly specific technique for malignant lesions 
encountered at ERCP. In experienced hands, a positive cytologic 
result may obviate the need for additional invasive diagnostic studies. 


Prospective randomized study of Maloney esophageal dilation— 
blinded versus fluoroscopic guidance. McClave SA, Wright RA, 
Brady PG (SAM, Dept. of Medicine, Division of Gastroenterology, 
University of Louisville, Louisville, KY 40292). Gastrointest Endosc 
36(3):272-275, 1990 


Controversy exists over the need for fluoroscopic guidance when 
performing Maloney esophageal dilation. This prospective random- 
ized single-blinded study evaluated the safety and efficacy of blinded 
and fluoroscopic technique. A total of 162 dilations were performed 
in 43 patients with benign esophageal strictures referred for mainte- 
nance dilation, 88 randomized to blinded technique, and 74 to fluo- 
roscopic guidance. Use of fluoroscopic guidance resulted in a higher 
rate of successful dilations than the blinded technique (96% vs. 80%, 
p < 0.05) and greater operator accuracy in assessing success of 
dilation (98.6% vs. 85°%, p < 0.05). Although adverse events (such 
as passage into trachea, gross hematemesis, impaction in a hiatal 
hernia) occurred more often with blinded technique (11.3% vs 5.4%), 
this difference did not reach statistical significance. However, recog- 
nition of adverse events was significantly greater with fluoroscopic 
guidance than with the blinded technique (100% vs. 20%, p < 0.05). 
No difference existed between groups regarding speed of dilation, 
patient comfort, or blood on the dilator. Patients were unreliable in 
their assessment of dilation success. Fluoroscopic guidance is rec- 
ommended when performing Maloney dilation. 


Tube dysfunction following percutaneous endoscopic gastros- 
tomy and jejunostomy. Wolfsen HC, Kozarek RA, Ball TJ, Patterson 
DJ, Botoman VA (RAK, Gastroenterology, Virginia Mason Clinic, 1100 
Ninth St., Seattle, WA 98101). Gastrointest Endosc 36(3):261-263, 
1990 


Percutaneous endoscopic gastrostomy (PEG) and jejunostomy 
(PEJ) have supplanted their surgical counterparts in many institutions. 


AJR:155, October 1990 


Previous reports have claimed advantages in placing PEJ tubes 
because of reduced gastroesophageal reflux, prevention of aspira- 
tion, and improved tube anchoring distally. We reviewed the records 
of 191 patients who underwent placement of PEG/J tubes. Data 
collected included incidence of tube dysfunction, need for tube re- 
placement or removal, and aspiration after PEG or PEJ tube place- 
ment. Tube dysfunction, defined as peritube leakage, plugging, frac- 
ture, or migration, occurred in 36% of patients over a mean follow- 
up period of 275 days and was significantly more common and likely 
to necessitate tube replacement in PEJ patients. Tube trade-out or 
removal and aspiration within a 30-day period after tube placement 
occurred in 28% and 10% of patients, respectively. These complica- 
tions were significantly more common in PEJ patients than in PEG 
patients. Because of the increased incidence of tube dysfunction 
and the failure to prevent aspiration in predisposed patients, PEJ 
tube placement is not routinely indicated in patients requiring tube 
feedings. 


Poor results with percutaneous endoscopic jejunostomy. DiSario 
JA, Foutch PG, Sanowski RA (PGF, Gastroenterology, Carl T. Hayden 
Veterans Administration Medical Center, 7th St. and Indian School 
Rd., Phoenix, AZ 85012). Gastrointest Endosc 36(3):257-260, 1990 


A percutaneous endoscopic gastrostomy was placed in 20 mal- 
nourished patients to serve as a conduit for passage of a percuta- 
neous endoscopic jejunostomy (PEJ) catheter for delivery of alimen- 
tation directly into the small bowel. Serious complications occurred 
in 95% of the patients and 50% of the subjects died. Aspiration was 
the most common adverse event and accounted for all deaths. Ten 
of 15 subjects (67%) treated with a PEJ to prevent aspiration contin- 
ued to aspirate after the catheter was placed. PEJ tube failures were 
documented in 14 subjects (70%) and occurred because of occlusion, 
leakage, maiposition, extrusion, cracking, kinking, or rupture of the 
catheter. These problems rendered the PEJ nonfunctional 18% of 
the time. Large manpower and resource investments were required 
to manage the PEJ and its complications. Our results suggest that 
enteral feeding through a PEJ does not prevent aspiration. Serious 
PEJ-related morbidity (95%), mortality (50%), and catheter failures 
(70%) occur. Refinements in methodology and catheter design 
will be required before additional use of this technique can be 


recommended. 


The Journal of Bone and Joint Surgery 


The use of quantitative computed tomography to estimate risk of 
fracture of the hip from falls. Lotz JC, Hayes WC (WHC, Ortho- 
paedic Biomechanics Laboratory, Beth Israel Hospital, 330 Brookline 
Ave., Boston, MA 02115). J Bone Joint Surg [Am] 72-A(5):689-700, 
June 1990 


We conducted an in vivo investigation of the loads and energies 
needed to fracture the proximal part of the femur in twelve fresh 
cadavera under loading conditions simulating one particular type of 
fall. The fracture loads ranged from 778 to 4,040 newtons and the 
work to fracture, from five to fifty-one joules. We also investigated 
the relationship between the fracture loads and several potential 
indices of bone strength, which were measured non-invasively at the 
subcapital, basicervical, and intertrochanteric regions with quantita- 
tive computed tomography. A very high positive correlation with the 
fracture load resulted from use of an intertrochanteric index——the 
product of the average trabecular computed-tomography number and 
the total cross-sectional area of the bone (R? = 0.93, standard error 
of estimate = 295 newtons, and p < 0.00001). We expect the use of 
this parameter to result in improved assessments of the degree of 
osteoporosis and of the component of risk of fracture of the hip that 
is associated with bone strength. However, the measured work to 
fracture for the isolated femur was an order of magnitude smaller 
than estimates of the energy available during a typical fall (about 450 
joules), suggesting that energy absorbed during falling and impact, 
rather than bone strength, may be the dominant factors in the 
biomechanics of fracture of the hip. 


NA 
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CLINICAL RELEVANCE: The very high correlation between the inter- 
trochanteric computed-tomography index and the femoral fracture 
loads supprts the assertion that quantitative computed tomography 
provides an effective predictor of the component of risk of fracture 
of the hip in vivo that is associated with bone strength. However, the 
fact that the average work to fracture for these isolated femora 
represented only about one-twentieth of the total energy available 
during a typical fall indicates that factors associated with the biome- 
chanics of falling are of far greater importance than is currently 
assumed, 


Clinical Orthopaedics and Related Research 


Late-onset tibia vara (Blount’s disease): current concepts. 
Thompson GH, Carter JR (GHT, Director, Pediatric Orthopaedics, 
Case Western Reserve University, 3395 Scranton Rd., Cleveland, 
OH 44109). Clin Orthop 255:24-35, June 1990 


idiopathic tibia vara or Blount's disease can be classified into three 
age-onset groups: (1) infantile, less than three years; (2) juvenile, four 
to ten years; and (3) adolescent, 11 years or older. The latter two 
groups comprise late-onset tibia vara, which is much less common 
that the infantile-onset form. In a comparison of eight juvenile-onset 
patients (13 knees) and seven adolescent-onset patients (nine knees), 
there were essentially no significant clinical, roentgenographic, or 
physeal-histopathologic differences. Both groups had severe obesity, 
mild to moderate varus deformities, and less-pronounced roentgen- 
ographic characteristics. Histopathologic analyses of the entire physis 
from the proximal tibia in five cases (seven knees) were essentially 
identical in patients with the infantile form as well as in those with 
slipped-capital femoral epiphyses, suggesting a common etiology. 
Recurrence of deformity after surgical correction occurred frequently 
in the juvenile onset males but not in juvenile onset females or the 
adolescent onset group. Incomplete correction of the varus deformity 
occurred more frequently in the latter group. The etiology for tibia 
vara appears to involve varus stress growth suppression, and disrup- 
tion of endochondral ossification. The major differences between the 
three groups is due to the age at clinical onset, the amount of 
remaining growth, and the magnitude of the medial compression 
forces across the medial aspect of the knee. 


The Journal of Urology 


Congenital megalourethra. Kester RR, Mooppan UMM, Ohm HK, 
Kim H (UMMM, Dept. of Urology, Brookdale Hospital Medical Center, 
Linden Blvd., Brooklyn, NY 11212). J Urol 143:1213-1215, June 
1990 


Megalourethra is a rare congenital disorder. The scaphoid type is 
due to poor development of the corpus spongiosum, whereas in the 
more severe fusiform variety the corpora cavernosa also are affected. 
We report 3 cases of megalourethra (2 scaphoid and 1 fusiform types) 
and review the relevant literature. 


Pediatrics 


Stridor and gastroesophageal reflux in infants. Nielson DW, Heldt 
GP, Tooley WH (DWN, Dept. of Pediatrics, University of Utah, Salt 
Lake City, UT 84132). Pediatrics 85(6):1034-1039, June 1990 


A relation was found between persistent stridor and gastroesoph- 
ageal reflux in seven infants, aged 6 weeks to 6 months. Stridor 
began at 11 days to 2 months of age. and four of the seven infants 
had transient hypercarbia on at least one occasion before study. Only 
one had a history of frequent vomiting: three had recurrent pneu- 
monia. Midesophageal pH, chest and abdominal movement, exhaled 
carbon dioxide partial pressure, and heart rate of six of the infants 
were recorded for 4 to 12 hours as they slept. Esophageal pH of the 
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seventh infant was recorded for 24 hours. in the six completely 
studied infants, there were persistent increases of greater than 10 
mm Hg in exhaled carbon dioxide level (three infants}, of greater than 
10 breaths per minute in respiratory rate (four infants), and in retrac- 
tions and stridor (six infants) 5 to 20 minutes after onset of reflux. 
Stridor improved with medical management in 48 hours (live of five 
infants) and disappeared in 3 weeks (three of five infants) to 2 months 
(one of five infants). One of these medically treated infants subse- 
quently was treated by Nissen gastric fundoplication because of a 
recurrence of persistent and severe stridor. Three infants had anti- 
reflux surgery, and in two of these stridor disappeared in 48 hours. 
in the third infant stridor disappeared 3 weeks after surgery. Based 
on this experience, reflux occasionally causes stridor, probably be- 
cause of acute inflammation of the upper airway. If structural anom 
alies are ruled out, infants with severe stridor shouid be examined 
for gastroesophageal reflux. 


Reprinted by permission of PEDIATRICS © 1990. 


The Journal of Pediatrics 


White matter necrosis in very low birth weight infants: neuropath- 
ologic and ultrasonographic findings in infants surviving six days 
or longer. Paneth N, Rudelli R, Monte W, et al. (NP, Associate 
Professor of Pediatrics, College of Human Medicine, A206 East Fee 
Hall, Michigan State University, East Lansing, Mi 48824-1316). 
J Pediatr 116:975-984, June 1996 


We describe the neuropathologic and ultrasonographic findings in 
22 very low birth weight infants (mean weight 948 gm) who survived 
at least 6 days and for whom cranial ultrasonography had been 
performed three or more times in life. White matter necrosis was 
found in 15 of the 22 subjects and was judged chronic (6 days’ 
duration or longer) in seven subjects. The most common pattern was 
diffuse necrosis of hemispheric white matter, found in 10 of 15 infants: 
restriction of necrosis to the periventricular region was found in only 
three infants. The classic histologic features of periventricular leuko- 
malacia were absent from 7 of the 15 infants with necrosis. Seventeen 
infants had intraventricular hemorrhage, but extension of ventricular 
blood into white matter unaffected by infarction was not found. Two 
ultrasonographic features were associated with white matter necro- 
sis: increased parenchymal echogenicity and ventricular enlargement. 
One or both of these findings were present in 67% of infants with 
white matter necrosis, in 90% of infants with diffuse necrosis, but in 
no infant without necrosis. Increased parenchymal echogenicity was 
seen in all four infants with hemorrhagic necrosis, in 60% of infants 
with diffuse necrosis, but in none of the five infants with localized 
necrosis. We conclude that the very small infants now dying in 
nurseries have a form of white matter damage that is more extensive 
than, and in some cases histologically different from. periventricular 
leukomalacia as originally described. Ultrasonography as used in this 
study identified most but not all infants with pathologically verified 
white matter necrosis. 


Relation of urinary tract infection and vesicoureteral reflux to 
scars: follow-up of thirty-eight patients. Holland NH, Jackson EC, 
Kazee M, Conrad GR, Ryo UY (ECJ, Dept. of Pediatrics, University 
of Kentucky Chandler Medical Center, 800 Rose St, MS 477, Lex- 
ington, KY 40536-0084). J Pediatr 116:565-S71, May 7996 


A prospective study compared the outcome of vesicoureteral reflux 
and recurrent urinary tract infections in children (3 boys, 62 girls) who 
received medical prophylaxis or underwent surgical correction of 
reflux. Thirty-eight children returned for reevaluation 6 to 13 years 
(average 9.5 years) after entry. There was a marked decrease in 
prevalence and severity of reflux. At entry, 13 had significant scarring 
that had progressed at follow-up. New scars were documented by 
dimercaptosuccinic acid scan at follow-up in eight children on the 
medical regimen and two who were initially treated with surgical 
correction of reflux. Four patients with high-grade sterile refiux were 
followed for 6 to 10 years without the development of cortical scars. 


904 REVIEW OF CURRENT LITERATURE 


Our data support the role of urinary tract infection and vesicoureteral 
reflux, but not sterile reflux, in the pathogenesis of chronic pyelone- 
phritis and reflux nephropathy. 


Successful treatment of neonatal aortic thrombosis with tissue 
plasminogen activator. Kennedy LA, Drummond WH, Knight ME, 
Millsaps MM, Williams JL (LAK, Division of Neonatology, Box J-296, 
JHMHC, University of Florida, Gainesville, FL 32610). J Pediatr 
116:798, May 1990 


The widespread use of invasive vascular catheters in neonates 
has increased thrombotic complications and the need for specific 
thrombolytic therapy. First-generation thrombolytic drugs, including 
streptokinase and urokinase, lack clot specificity, fail to lyse formed 
clots effectively, and cause systemic proteolysis. The resulting hem- 
orrhage has limited their use in neonatal thrombotic disease. The 
introduction of more clot-selective second-generation thrombolytic 
agents, including tissue plasminogen activator, may make thrombo- 
lytic therapy acceptably safe for neonates. We have used t-PA for 
successful thrombolysis of a life-threatening arterial clot in a very 
premature infant. 


AJR:155, October 1990 


Journal of Ultrasound in Medicine 


Ultrasound of the septum pellucidum: recognition of evolving 
fenestrations in the hydrocephalic infant. Cohen HL, Haller JO, 
Pollack A (HLC, Dept. of Radiology, Division of Ultrasound, North 
Shore University Hospital-Cornell University Medical College, 300 
Community Dr., Manhasset, NY 11030). J Ultrasound Med 9:377- 
383, July 1990 


Fenestrations of the septum pellucidum may be noted in hydroce- 
phalic infants. This finding and its changing image was noted in six 
premature infants evaluated by neurosonography over time periods 
ranging from weeks to months. Breaks in the septum were noted to 
occur from 14 days to 23 weeks after the sonographic diagnosis of 
hydrocephalus. Some of these fenestrations were noted to increase 
in size and/or become bilateral over time. The awareness of evolving 
fenestrations and their late-stage images helps avoid confusion with 
partial and complete agenesis of the septum pellucidum and their 
possible associated neuroanatomical abnormalities. 


Reprinted with permission by the American institute of Ultrasound in 
Medicine. 
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Visiting Fellowships in Interventional Radiology 


The Cardiovascular Diagnostic Laboratory, Dept. of Radiology, 
The Johns Hopkins Medical Institutions, is offering 5-day fellowships, 
by appointment only, for radiologists who wish to update their tech- 
niques and learn about new technologies. The course will include 
basic and advanced principies of interventional radiology and will be 
tailored to the needs of each individual fellow. Fellows will participate 
in morning conferences, patient rounds, and laboratory observations. 
A newly developed teaching file will be available for study. Experience 
will be provided in a wide range of interventional procedures, including 
angiography, angioplasty, percutaneous atherectomy, use of throm- 
botic agents, embolization of varicoceles and arteriovenous malfor- 
mations, biliary and urologic interventional procedures, and use of 
the intravascular laser. Category 1 credit: 40 hr. Fee: $1200. infor- 
mation: Program Coordinator, The Johns Hopkins Medical institu- 
tions, Office of Continuing Education, Turner Bidg., 720 Rutland Ave., 
Baltimore, MD 21205; (301) 955-2959. 


Pediatric Neuroradiology 


The Dept. of Radiology, University of California, San Francisco, 
School of Medicine, is sponsoring Pediatric Neuroradiology, Oct. 12- 
13, at the Hyatt Regency Capitoi Hill, Washington, DC. The course 
will provide an up-to-date and thorough overview of pediatric neuro- 
radiology. Both congenital and acquired CNS disease will be covered. 
Sonographic, CT, and MR imaging examinations of the CNS will be 
compared and contrasted. The emphasis will be on state-of-the-art 
imaging techniques and will include application of interventional neu- 
roradiclogy to pediatric problems. Faculty: D. C. Harwood-Nash, 
A. J. Kumar, C. R. Fitz, R. A. Zimmerman, and M. Ellen. Fee: 
physicians, $215; residents, fellows, nurses, and technologists (letter 
required), $115. information: Radiology Postgraduate Education, Uni- 
versity of California, 521 Parnassus Ave., Rm. C-324, San Francisco, 
CA 94143; telephone: (415) 476-5731; fax: (415) 476-9213. 


Head and Neck Imaging 


The Dept. of Radiology, University of California, San Francisco, 
School of Medicine, will present Head and Neck imaging: An Update 
1990, Oct. 14, at the Hyatt Regency Hotel, San Francisco. The 
course will review the significant advances in the field of head and 
neck imaging. Special emphasis will be given to MR imaging and CT 
of the temporal bone, pharynx and oral cavity, neck, salivary glands, 
and paranasal sinuses. Fee: physicians, $105; residents, fellows, 
nurses, and technologists (letter required), $75. Information: Radiol- 


ogy Postgraduate Education, University of California, 521 Parnassus 
Ave., Rm. C-324, San Francisco, CA 94143; telephone: (415) 476- 
5731; fax: (415) 476-9213. 


Clinical Magnetic Resonance Imaging 


The Dept. of Radiology, University of California, San Francisco, 
School of Medicine, is offering Clinical Magnetic Resonance Imaging, 
Oct. 15-19, at the Hyatt Regency Hotel, San Francisco. The course 
will provide comprehensive instruction in the new developments and 
instrumentation used for MR imaging and an updated dernonstration 
of the role of MR in the assessment of all organ systems. Controver- 
sial questions in MR imaging and choices of equipment will be 
explored by panels composed of university and industrial scientists. 
Fee: physicians, $545; residents, fellows, nurses, and technologists 
(letter required), $445. information: Radiology Postgraduate Educa- 
tion, University of California, 521 Parnassus Ave., Rm. C-324, San 
Francisco, CA 94143; telephone: (415) 476-5731; fax: (415) 476- 
9213. 


Practicum in Diagnostic Ultrasound 


The Division of Ultrasound, Dept. of Radiology, The Johns Hopkins 
Medical Institutions, is offering Practicurn in Diagnostic Ultrasound, 
Oct. 15-19, 1990; March 4-8, 1991; and April 22-26, 1991, at the 
Johns Hopkins Hospital, Baltimore. This 1-week course is designed 
for both novice and experienced ultrasound physicians or sonogra- 
phers. Lectures will cover basic aspects of diagnostic ultrasound and 
physics and newer aspects of sonography, including Doppler and 
endocavitary techniques. Practical sessions and case studies will be 
included. Category 1 credit: 40 hr. Fee: $500. information: Program 
Coordinator, The Johns Hopkins Medical Institutions, Office of Con- 
tinuing Education, Turner Bidg., 720 Rutland Ave., Baltimore, MD 
21205; (301) 955-2959. 


Vascular Ultrasound: State of the Art 


The Dept. of Radiology, University of California, San Francisco, 
School of Medicine, is offering Vascular Ultrasound: State of the Art, 
Oct 20-21, at the Hyatt Regency Hotel, San Francisco. The course 
is a comprehensive overview of the applications of duplex Doppler 
imaging in the diagnosis of arterial and venous vascular disease. Fee: 
physicians, $285; residents, fellows, nurses, and technologists (letter 
required), $185. information: Radiology Postgraduate Education, Uni- 
versity of California, 521 Parnassus Ave., Rm. C-324, San Francisco, 
CA 94143; telephone: (415) 476-5731; fax: (415) 476-9213. 
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Neonatal Neurosonography 1990-91 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, is offering Neonatal Neurosonography 
1990-91, Oct. 25-26. The program provides a complete introduction 
to sonographic evaluation of the neonatal brain. Topics include phys- 
ical principles and instrumentation of neonatal neurosonography: 
scanning techniques and infection control procedures, recognition of 
normal anatomic structures, identification of abnormal echo patterns, 
natural history and sequelae of intracranial hemorrhage, and detection 
and classification of hemorrhage. Advanced techniques, such as color 
Doppler sonography of the neonatal cerebrovascular circulation, will 
be discussed also. The program includes lectures, case analysis, and 
video demonstrations, but it does not provide hands-on experience 
in scanning infants. Program coordinators: Donald Mitchell and Mat- 
thew Pasto. Category 1 credit: 13.5 hr. Fee: $375. information: Judith 
Kaneff, Education Coordinator, Division of Diagnostic Ultrasound, 
Dept. of Radiology, Thomas Jefferson University Hospital, 7th Floor 
Main Bldg., Philadelphia, PA 19107; (215) 955-8533. 


Musculoskeletal MRI for the Clinician 


The Dept. of Radiology, Beth Israel Hospital, Harvard Medical 
School, is offering Musculoskeletal MRI for the Clinician: A Practical 
Approach to Imaging of Musculoskeletal Disease, Nov. 3, at the 
Westin Hotel, Boston. The course will address the contemporary 
diagnostic interests of clinicians who see patients with musculoskel- 
etal disorders. The role of MR imaging with respect to other tech- 
niques such as CT scans, bone scans, arthrograms, and plain film 
will be considered. Program codirectors: Andrew Singer and Robert 
Edeiman. Category 1 credit: 8 hr. Fee: physicians, $125; fee reduced 
for residents and fellows. Information: Dept. of Continuing Education, 
Harvard MED-CME, P. O. Box 825, Boston, MA 02117; (617) 432- 
1525. 


MR Imaging Review Course in Australia 


The Royal Prince Alfred Hospital, Sydney, Australia, and the Uni- 
versity of Toronto, Toronto, Ontario, are cosponsoring a review 
course on MR imaging Nov. 3-4 in Brisbane, Australia, and Nov. 10- 
11 in Sydney. The course will emphasize the physical principles of 
MR imaging and the clinical applications of MR imaging to the CNS 
and the musculoskeletal system. Course directors: Walter Kuchar- 
czyk and John Hallinan. Guest faculty: R. Enman, W. Kelly, J. Ross, 
and W. Smoker. Category 1 credit: 15 hr. Fee: $250 (Australian 
dollars). information: Dr. Walter Kucharczyk, Dept. of Radiology, 
Toronto General Hospital, 200 Elizabeth St., Toronto, Ontario, Can- 
ada M5G 2C4; telephone: (416) 340-4550; fax: (416) 340-3390; or 
Dr. John Hallinan, Dept. of Radiology, Royal Prince Alfred Hospital, 
Sydney, N. S. W., Australia; telephone: (61) (2) 516 6111. 


Color Doppler Ultrasound 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, is offering Color Doppler Ultrasound, 
Nov. 5. The principles and applications of color Doppler sonography 
will be presented through lectures and case reviews. Participants are 
expected to have a working knowledge of hemodynamics and of the 
principles and applications of duplex Doppler sonography. Specific 
topics will include pitfalls of color Doppler imaging, cerebrovascular 
scanning techniques, superficial vascular masses, the neonatal brain, 
the abdomen, and obstetrics. An opportunity to acquire hands-on 
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experience in scanning will be provided. Program coordinators: Don- 
ald Mitchell, Peter Burns, and Laurence Needleman. Category 1 
credit: 9 hr. Fee: $250. Information: Judith Kaneff, Education Coor- 
dinator, Division of Diagnostic Ultrasound, Dept. of Radiology, 
Thomas Jefferson University Hospital, 7th Floor Main Bidg., Philadel- 
phia, PA 19107; (215) 955-8533. 


Diagnostic Radiology Seminars 


The Dept. of Radiology, University of California, San Francisco, 
School of Medicine, is offering Diagnostic Radiology Seminars, Nov. 
5-9, at the Maui Marriott Resort, Maui, HI. The seminars will include 
the indicators of appropriate obstetric and gynecologic sonography, 
including endovaginal techniques; use of MR and Doppler imaging to 
determine blood flow; developments in use of MR, Doppler sonog- 
raphy, and angiography in the diagnosis of vascular disease; Current 
application of interventional techniques for drainage of abscesses, 
biliary lithotripsy, and vascular recanalization; use of MR imaging and 
CT in musculoskeletal diseases, state-of-the-art imaging of the neck; 
and the neuroradiologic workup of trauma, infection, hemorrhage, 
and stroke. Program director: Gretchen A. W. Gooding. Category 1 
credit: 24 hr (also 24 contact hr for nurses and 24 ECE points for 
technologists). Fee: physicians, $545; residents, fellows, nurses, and 
technologists, $445. Information: Radiology Postgraduate Education, 
University of California, 521 Parnassus Ave., Rm. C-324, San Fran- 
cisco, CA 94143: telephone: (415) 476-5731; fax: (415) 476-9213. 


intraluminal Ultrasound and Basic Introduction to 
Doppler Principles 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present two courses Nov. 6 at the Le Meridien Hotel, 
Coronado (San Diego), CA: intraluminal Ultrasound and Basic Intro- 
duction to Doppler Principles. Program directors: Barbara B. Gosink 
(first course) and John R. Forsythe (second course). Information: 
Dawne Ryals, Ryals & Associates, P. O. Box 1925, Roswell, GA 
30077-1925; telephone: (404) 641-9773; fax: (404) 552-9859. 


MRI Fellowships at Johns Hopkins 


The Division of MRI, Dept. of Radiology, The Johns Hopkins 
Medical Institutions, is sponsoring a series of visiting fellowships in 
MRI, Dec. 10-14, 1990; Jan. 7-11, 1991; April 8-12, 1991; and June 
17-21, 1991. The courses are designed for radiologists who 
would like an introduction to clinical MR imaging. The curriculum 
focuses on principles of MR imaging, clinical applications, and imaging 
techniques in neurologic and body MR imaging. The course format 
includes daily formal lectures, interactive sessions that emphasize 
image interpretation, case presentations, and an opportunity to ob- 
serve scanning on the department's three 1.5-T General Electric 
Signa systems. Participants also will be able to use the department's 
clinical teaching file of more than 2000 cases and its extensive 
videotape library. Category 1 credit: 40 hr. Fee: $1250. information: 
Program Coordinator, The Johns Hopkins Medical Institutions, Office 
of Continuing Education, Turner Bidg., 720 Rutland Ave., Baltimore, 
MD 21205; (301) 955-2959. 


Park City 1991: MRI Update 


Wendy Smoker, University of Utah, and Robert B. Lufkin, University 
of California, Los Angeles, are cosponsoring Park City 1991: MRI 
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Update, Jan. 20-24, 1991, at the Yarrow Hotel, Park City, UT. The 
course, which will be heid in conjunction with the United States Film 
Festival, will offer information on a variety of MR topics. Faculty: 
William Bradley, Rosalind Dietrich, Louis Teresi, John Crues, and 
Jeffrey Weinreb. Category 1 credit: 20 hr. Fee: physicians, scientists, 
and company representatives, $450; residents and technologists, 
$350. Information: Robert B. Lufkin, M.D., 1015 Gayley Ave., Ste. 
1006, Los Angeles, CA 90024; (213) 825-7299. 


Angio-Interventional Radiology 


The Dept. of Radiology, University of California, San Diego School 
of Medicine, will present Angio-Interventional Radiology, Feb. 4-5, 
1991, at the Le Meridien Hotel, Coronado (San Diego), CA. Program 
director: Joseph J. Bookstein. Information: Dawne Ryals, Ryals & 
Associates, P. O. Box 1925, Roswell, GA 30077-1925; telephone: 
(404) 641-9773; fax: (404) 552-9.,59. 


Duplex Imaging Tutorial Conference and Exhibit 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present Duplex Imaging Tutorial Conference and 
Exhibit, Feb. 7-9, 1991. Program directors: John R. Forsythe, Bar- 
bara B. Gosink, and Sandra Hagen-Ansert. Information: Dawne Ryals, 
Ryals & Associates, P. O. Box 1925, Roswell, GA 30077-1925; 
telephone: (404) 641-9773; fax: (404) 552-9859. 


Contemporary Diagnostic Imaging 


The Dept. of Radiology, Stanford University Medical Center, will 
present Contemporary Diagnostic Imaging Featuring MRI, CT, US, 
and interventional Radiology, Feb. 11-15, 1991, at the Ritz-Carlton 
Hotel, Mauna Lani, HI. Prograrn director: Brooke Jeffrey. Program 
chairman: Gary Glazer. Category 1 credit: 20 hr. Fee: physicians, 
$515; residents, fellows, and technologists, $325. Information: 
Dawne Ryais, Ryais & Associates, P. O. Box 1925, Roswell, GA 
30077-1925; telephone: (404) 641-9773; fax: (404) 552-9859. 


Society of Gastrointestinal Radiologists Annual 
Meeting and Postgraduate Course 


The Society of Gastrointestinal Radiologists will hold its 20th 
annual meeting and postgraduate course Feb. 17-21, 1991, at La 
Costa, Carlsbad, CA. Information: Lynne K. Tiras, CMP, International 
Meeting Managers, Inc., 4550 Post Oak PI., Ste. 248, Houston, TX 
77027; telephone: (713) 965-0566; fax: (713) 960-0488. 


Imaging the Head, Spine, and Musculoskeletal 
System 


The Medical College of Wisconsin will present the 4th annual 
Imaging of the Head, Spine, and Musculoskeletal System: A Discus- 
sion of Protocols and Applications, Feb. 17-22, 1991, at the Westin 
Kauai Resort, Kauai, HI. Topics will include imaging of the brain, 
spine, knee, shoulder, and temporomandibular joint; brain cutting; 
spinal anatomy; and review of the year in MR. Program chairmen: 
Victor Haughton, Robert Quencer, Thomas Naidich, and Joachim 
Seeger. Category 1 credit: 25 hr. Fee: before Dec. 31, 1990, $445; 
after Dec. 31, 1990, $495. Information: Marti Carter, Continuing 
Medical Education, inc., 11011 W. North Ave., Milwaukee, WI 53226; 
(414) 771-9520. 
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MR Imaging Review Course at Disney World 


The University of Toronto, Toronto, Ontario, and George Washing- 
ton University, Washington, DC, are cosponsoring a course on MR 
imaging, Feb. 17-22, 1991, at the Buena Vista Palace Hotel, Orlando, 
FL. The course will emphasize the physical principles of MR imaging, 
the clinician applications of MR imaging to the CNS and the muscu- 
loskeletal system, and its use in the abdomen and pelvis. Course 
directors: Walter Kucharczyk, D. O. Davis, and E. E. Kassel. Guest 
faculty: R. Ehman and W. Kelly. Category 1 credit: 21 hr. Fee: 
physicians, $400; residents, fellows, and technologists, $275. Infor- 
mation: Dr. Walter Kucharczyk, Dept. of Radiclogy, Toronto Genera! 
Hospital, 200 Elizabeth St., Toronto, Ontario, Canada M5G 204; 
telephone: (416) 340-4550; fax: (416) 340-3390. 


European Congress of Radiology 1991 


The European Congress of Radiology 1991 (ECR 91) will be held 
Sept. 15-20, 1991, at the Austria Center, Vienna, Austria. informa- 
tion: Mrs. Sylvia Altermann, Vienna Academy of Postgraduate Medical 
Education and Research, Alser Strasse 4, A-1090 Vienna, Austria: 
telephone: (1) 42 13 83-0, (1) 42 13 84-0, or (1) 42 71 65; fax: (4) 42 
13 83-23. 


Global Program for Continuing Education in 
Radiology 


The Dept. of Radiology, University Hospital, Lund, Sweden, and 
Nycomed imaging, Oslo, Norway, are collaborating on a new pro- 
gram: Nycomed Intercontinental Continuing Education in Radiology 
(NICER). The NICER program will consist of a general and special 
courses, a book series, and an educational newsletter. Each general 
course program will provide a series of four 1-week courses given 
over a period of 2 years and will consider four topics: (1) gastrointes- 
tinal and urogenital radiology, (2) chest and cardiac radiology, (3) 
pediatric radiology and neuroradiology, and (4) skeletal radiology and 
modern technology. The first general course program will be held in 
New Delhi, india, in 1991-1992: the second will be held in Cairo, 
Egypt, in 1992-1993. Courses on specialized topics (e.g., interven- 
tional radiology) will be given in Lund, Sweden, once or twice each 
year, beginning in 1991. The book series will consist of state-of-the- 
art reviews for the fields covered by the courses. One will be published 
for each organ area. The educational newsletter will be sent to the 
general course attendants four times a year, one newsletter for each 
organ area. Educational and scientific director: Holger Pettersson: 
managing director: Harald Ostensen: course chairmen: Anders Lun- 
derquist, Charlies Higgins, Derek ©. Harwood-Nash, and Donald 
Resnick; newsletter editor: Peter Aspelin. Information: Holger Pet- 
tersson, M.D., Professor and Chairman, Dept. of Radiology, Univer- 
sity Hospital, S-221 85 Lund, Sweden. 


SMRI New Officers 


The Society for Magnetic Resonance Imaging has elected the 
following scientists to serve as officers for the 1990-1991 term: 
president, Robert B. Lufkin; president-elect, E. Mark Haacke; secre- 
tary, Jeffrey C. Weinreb; and treasurer, David D. Stark. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Oct. 3-4, 1991. Oral examinations will be held at 
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the Executive West Hotel in Louisville, KY, June 3-7, 1991. The ABR 
will accept applications for admission to the examinations after July 
1, but not later than Sept. 30, in the year preceding the year in which 
the examination is to be taken. For application forms and further 
information: Office of the Secretary, The American Board of Radiol- 
ogy, 300 Park, Ste. 440, Birmingham, MI 48009. 


Meeting and Course Review 


For the reader's convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 


Cyanoacrylate Embolization Course, times arranged, Baltimore 
(July) 

Visiting Fellowships in Ultrasound, times arranged, Baltimore (Aug) 
Registry Preparation Courses for Sonographers: Doppler Physics, 
Oct. 1, Washington, DC, and Oct. 7, Chicago; Ultrasound Physics, 
Oct. 5-6, Chicago (June) 

Neuroradiology Courses at Harvard: Current Concepts in Neuro- 
radiology, Oct. 1-3; Head and Neck Radiology and Neuro-MRl, 
Oct. 4-5; Boston (June) 

Abdominal Ultrasound, Oct. 1-4 and Nov. 12-15, Philadelphia (July) 
Courses in MR Imaging at Emory University: course for physi- 
cians, Oct. 1-5, Oct. 29-Nov. 2, Nov. 12-16, and Dec. 3-7; course 
for technologists, Oct. 15-19 and Nov. 4-10; Atlanta (June) 
Vermont Imaging Seminar, Oct. 3-5, Stowe, VT (Sept) 

MRI: Clinical State of the Art 1990, Oct. 3-6, New York City (Aug) 
Prostate Ultrasound, Oct. 5 and Nov. 16, Philadelphia (July) 

Royal Australasian College of Radiologists Annual Meeting, Oct. 
5-11, Perth, Western Australia (April) 

Ultrasound Update 1990, Oct. 6-7, Sacramento, CA (Sept) 
international Body Imaging Conference, Oct. 6-13, Maui, HI (Aug) 
Yale Symposium on Duplex and Doppler Ultrasound, Oct. 8-9, 
Trumbull, CT (Aug) 

Practical Radiology, Oct. 8-11, Charlottesville, VA (May) 
Obstetrics and Gynecology, Oct. 8-12 and Nov. 5-9, Philadelphia 
(July) 

Cardiovascular Imaging and Interventional Radiology, Oct. 9-12, 
Cambridge, MA (June) 

Nuclear Cardiology Symposium and Workshops, Oct. 10-12, Mil- 
waukee (July) 

Magnetic Resonance Imaging 1990: Back to the Future, Oct. 10- 
13, Cincinnati (May) 

Tutorial in Italy, Oct. 10-15, Lake Como, Italy (Aug) 

American Lithotripsy Society Annual Meeting, Oct. 11-14, San 
Diego (March) 

Michigan Fall Radiology Conference, Oct. 12-13, Royal Oak, MI 
(Aug) 

MR imaging Course in Riyadh, Saudi Arabia, Oct. 14-17, Riyadh, 
Saudi Arabia (April) 

Canadian Association of Radiologists Annual Meeting, Oct. 14- 
18, Vancouver, B.C. (Aug) 

Digital imaging and Other New Trends in Clinical Practice, Oct. 
15-18, Boston {June} 

Mammography Update 1990, Oct. 18-19, Madison, WI (July) 
Seminar in Diagnostic Ultrasound, Oct. 18-20, Ann Arbor, Mi (July) 
Western Neurologica! Society Annual Meeting, Oct. 19-21, Santa 
Fe, NM (July) 

Neuroradiology Update, Oct. 19-21, Birmingham, AL (July) 
Advanced Imaging of the Musculoskeletal System, Oct. 20-21, 
Coronado (San Diego), CA (Sept) 
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Quantitative Thallium Myocardial Tomography, Oct. 22-23, Atlanta 
(June) 

Clinial Magnetic Resonance Imaging, Oct. 22-24, New Haven, CT 
(Sept) 

Mammography for the General Radiologist, Oct. 22-25, Boston 
(March) 

Update on MR Imaging and CT, Oct. 22-26, Cambridge, MA (June) 
San Diego Postgraduate Radiology Course, Oct. 22-26, Coronado 
(San Diego), CA (Sept) 

Advanced Neuroradiology Seminar, Oct. 25-27, Orlando, FL (June) 
Course on Color Doppler Imaging, Oct. 25-27, Beverly Hills, CA 
(Aug) 

Computed Body Tomography for the Technologist, Oct. 25-28, 
Orlando, FL (Sept) 

Interventional and Imaging Radiology, Oct. 26-28, Coronado (San 
Diego), CA (Sept) 

Advances in Diagnostic Radiology, Oct. 28—Nov. 1, Tucson, AZ 
(July) 

international Seminar on Medical imaging, Oct. 29—Nov. 3, Hong 
Kong (Sept) 

3D Neuroimaging: Theory and Clinical Applications, Oct. 30-31, 
Baltimore (Sept) 

Melvin M. Figiey Fellowships in Radiology Journalism, application 
deadline, Nov. 1 (Sept) 

Course on CT and MR Imaging, Nov. 1-2, Chicago (Sept) 
Advances in Color Doppler Sonography, Nov. 1-3, White Sulphur 
Springs, WV (May) 

Principles and Practice of MRI, Nov. 1-4, Baltimore (Sept) 
Symposium on Bone and Soft-Tissue Tumors, Nov. 9-10, Sacra- 
mento, CA (May) 

Tomography for Technologists, Nov. 12-13, Atlanta (June) 

MRI for Radiologic Technologists, Dec. 7-8, Houston (July) 
Advanced Seminars in Diagnostic Imaging, Dec. 7-9, Laguna 
Niguel, CA (Sept) 

MR Imaging Update, Dec. 13-15, New York City (Aug) 

Future and Present MRI, Jan. 9-13, 1991, Naples, FL (Aug) 
Advanced Seminars in Diagnostic Imaging, Jan. 19-21, 1991, 
Laguna Niquel, CA (Aug) 

Diagnostic Imaging in Aruba, Jan 20-26, 1991, Aruba (Aug) 
International Symposium on MR Imaging, Jan. 23-27, 1991, Gar- 
misch-Partenkirchen, Bavaria (Aug) 

Society for Pediatric Radiology Research and Education Grants, 
application deadline, Feb. 1, 1991 (Sept) 

international Pediatric Radiology ’91, May 27-31, 1991, Stockholm 
(Aug) 

international Congress of Radiation Research, July 7-12, 1991, 
Toronto. Deadline for Junior Investigators Awards, Oct. 15, 1990; for 
abstacts, Jan. 15, 1991 (May) 

World Congress in Ultrasound, Sept. 1-6, 1991, Copenhagen (Sept) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge: receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed doubie-spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Facuity from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037-3218. 








909 


American Roentgen Ray Society: 
Officers, Committees, and Membership Information 





Officers 


President: M. Paul Capp 

President-elect: John A. Kirkpatrick, Jr. 

1st Vice-president: A. Everette James, Jr. 

2nd Vice-president: Andrew K. Poznanski 

Secretary: Joseph T. Ferrucci, Jr. 

Treasurer: Beverly P. Wood 

Executive Council: R. J. Alfidi, R. N. Berk, M. P. Capp, W. J. 
Casareila, N. R. Dunnick, R. G. Evens, J. T. Ferrucci, Jr., A. 
E. James, Jr., J. A. Kirkpatrick, Jr., A. M. Landry, Jr., J. E. 
Madewell, A. A. Moss, A. K. Poznanski, L. F. Rogers, R. J. 
Stanley, J. H. Thrall, K. H. Vydareny, N. O. Whitley, B. P. 
Wood, G. R. Leopold, chairman 


Committees 


Editorial Policy: R. N. Berk, E. Buonocore, Melvin M. Figley, 
S. v. W. Hilton, M. S. Huckman, C. A. Rohrmann, Jr., R. J. 
Stanley, R. |. White, W. J. Casarella, chairman 


Education and Research: C. B. Higgins, B. J. Hillman, R. A. 
McLeod, R. J. Stanley, W. M. Thompson, N. O. Whitley, 
chairman 


Finance and Budget: R. J. Alfidi, R. K. Gedgaudas-McClees, 
J. R. Thornbury, K. H. Vydareny, J. H. Thrall, chairman 


Nominating: G. A. W. Gooding, L. F. Rogers, K. H. 
Vydareny, chairman 


Publications: E. Buonocore, C. A. Rohrmann, Jr., R. J. Stan- 
ley, R. |. White, W. J. Casarella, chairman 


Membership: J. E. Madewell, A. A. Moss, K. H. Vydareny, R. 
J. Alfidi, chairman 


Representatives to Other Organizations 


American Board of Radiology: J. A. Kirkpatrick, Jr., E. C. 
Klatte, L. F. Rogers 


American College of Radiology: J. M. Dennis, R. A. Gag- 
liardi, J. E. Madewell, B. L. McClennan, R. J. Stanley 


American Medical Association: S. F. Ochsner, delegate; K. 
L. Krabbenhoft, alternate; K. L. Kidd, CPT Advisory Committee 


American National Standards institute: M. E. Haskin 


National Council on Radiation Protection and Measure- 
ments: F. Miraldi, E. L. Saenger 


Armed Forces institute of Pathology: J. E. Madewell 


Meeting Arrangements 


Annual Meetings: May 5-10, 1991, Sheraton Boston, Bos- 
ton; May 10-15, 1992, Marriott's World Center, Orlando, FL 
Annual Meeting Committee: H. C. Carison, J. K. Crowe, N. 
R. Dunnick, R. R. Lukin, R. J. Stanley, R. D. Steele, Jr., A. M. 
Landry, Jr., chairman 


instructional Courses: R. J. Stanley, chairman 


Scientific Program: E. Buonocore, D. O. Davis, K. B. Hunter, 
T. C. McLoud, W. A. Murphy, Jr., L. B. Tainer, J. H. Thrall, d. 
A. Kirkpatrick, chairman 


Scientific Exhibits: J. R. Haaga, R. G. Ramsey, N, R. Dun- 
nick, chairman 


ARRS Membership 


An application form is printed in the September issue of the 
Journal. For consideration at the 1991 ARRS meeting, send 
completed forms before February 1, 1991, to American 
Roentgen Ray Society, 1891 Preston White Dr., Reston, VA 
22091. Active members are graduates of an approved medi- 
cal or osteopathic school or hold an advanced degree in an 
allied science. They must practice radiology or work in an 
associated science in the United States or Canada and be 
certified by the American Board of Radiology, American Os- 
teopathic Board of Radiology, or Royal College of Physicians 
of Canada or otherwise adequately document training and 
credentials. Corresponding members are foreign radiologists 
or scientists who are active in radiology or an allied science, 
Members-in-training are residents or fellows in radiology or 
postgraduate students in an allied science. Additional appli- 
cation forms can be obtained from the ARRS offices in 
Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8900. 
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American Roentgen Ray Society 91st Annual Meeting 


May 5-10, 1991, Boston, MA 
Sheraton Boston Hotel 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
February and March 1991 issues of the AJA. 


Scientific Program 


Abstracts of papers to be considered for the program must be 
submitted by November 1, 1990. Forms on which to submit ab- 
Stracts are in this issue of the AJR. The ARRS Program Committee 
will select papers and notify authors in early January. The AJR has 
first rights to all papers accepted for presentation at the ARRS meet- 
ing. Send abstract, application, and four copies of the abstract to 


John A. Kirkpatrick, Jr., M.D. 
c/o Paul R. Fullagar 

American Roentgen Ray Society 
1891 Preston White Dr. 

Reston, VA 22091 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chairman of Ex- 
hibits by November 1, 1990. Forms, which may be photocopied, are 
in this issue of the AJR. Send completed form to 


N. Reed Dunnick, M.D. 

c/o Paul Fullagar 

American Roentgen Ray Society 
1891 Preston White Drive 
Reston, VA 22091 

Telephone (703) 648-8992 


Refresher Course Program 


A summary of the refresher courses will appear in the AJR in Feb- 
ruary along with advance registration forms. Early registration is an 
advantage in assuring preferred courses in this popular program. 


Local Program 


A program of sightseeing, shopping, and entertainment will be de- 
veloped by the Local Arrangements Chairman. Information and ad- 
vance registration forms will be in the February issue of the AJR. 


Residents’ Award Papers 


The society offers several cash awards for the best scientific pa- 
pers prepared by residents in radiology. The President's Award has a 
$2000 prize. There are two Executive Council awards of $1000 
each. All are presented at the annual meeting. Papers should be 
submitted by February 15, 1991, for consideration in this competi- 
tion. Send entries to 


Nancy O. Whitley, M.D. 

Dept. of Radiology 

University of Maryland Medical Systems Hospital 
22 S. Greene St. 

Baltimore, MD 21201 


Deadlines 


Abstracts of papers: November 1, 1990 
Scientific exhibit proposals: November 1, 1990 
Residents’ Award papers: February 15, 1991 
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instructions for Scientific Abstracts 


1. 


Type the information single-spaced within the lines. Underline the 
name of the presenting author. Append as a last line of the abstract 
any research grant support, if applicable (e.g., Supported by 
USPHS Grant HE-80144). If the abstract is accepted, it will not be 
proofread; it will appear exactly as typed. Use the following format: 


MR IMAGING OF THE SPINE AND NECK 
F. S. Lau, M.D., A. N. Kirk, M.D., and R. A. Beck, Ph.D. 
University of California, Bakersfield, Bakersfield, CA 92338 


2. Abstracts should include four paragraphs devoted sequentially to 


the following topics: (1) object or purpose of the study, (2) mate- 
rials, methods, and procedures, (3) results, (4) significance of the 
results and conclusions. The text should not exceed 300 words. 
Specific data are essential. The abstract should be a succinct 
summary of work done rather than a promissory note. 


. The Program Committee will grade each abstract and determine 


acceptance. Further information will be forwarded to those whose 
abstracts are accepted for presentation. 


Deadline for submission of abstract is November 1, 1990. Mail abstract and four copies to 


John A. Kirkpatrick, Jr., M.D. 
c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 


Call for Scientific Exhibits roa courre: use onv 
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Instructions for Abstract 


The abstract should be a brief paragraph that states the purpose, principal information, and conciusions of the exhibit. Promissory statements 
are not acceptable. Type single-spaced in the space provided on the reverse side. Brevity is desirable but not at the expense of specific 
information. The abstract will appear in the program book as submitted. Please use typewriter and complete the application form on both 
sides. List space requirements. 


What Type of Exhibit Is Proposed? (Check one and fill in all appropriate blanks.) 


Free-standing. This is a self-contained display created in total by the exhibitor. it may be a fold-open unit, a unit shipped in cases and 
assembled on site, or a tabletop unit. Linear feet required ~. 





Poster Board (backboard panels). Backboard panels are 4 x 8 ft. (1.2 x 2.5 m). Number of panels required _.___.. If two panels are 
needed, there will be a %-in. frame separating the panels, thus requiring a separation in the presentation. 


Viewbox. Mounted materials (radiographs and other transparencies) for display on the society's illuminators. Each illuminator is 39.5 x 
59.5 in. (100 x 151 cm). Number of illuminators required ~. Materiais should not be glass mounted. 








Piease Indicate Most Appropriate Category. 


Breast 
Radiobiology 


Medical physics 
Sonography 


~= BONE ~ Cardiovascular Chest Gastrointestinal - Genitourinary 
Neuroradiology _.__. Nuclear medicine ___. Pediatric ———— Radiation oncology 


























Exhibits will be chosen on the basis of the quality of the abstract and space available. Poster board exhibits are encouraged, as they do not 
require a viewbox or electricity. 


Signature of Principal Exhibitor 


Exhibitors will receive instructions for exhibit preparation. 


Applications must be received no later than November 1, 1990. Mail original and five copies to 


N. Reed Dunnick, M.D. 

c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 


Telephone: (703) 648-8900 
FAX: (703) 648-9176 








Classified Advertisements 


Positions Available 


RADIOLOGIST/NEURORADIOLOGY CHIEF — 
The Dept. of Radiology at the University of Minne- 
sota has a tenured position availabie for the H. O. 
Peterson Endowed Professor of Neuroradiology 
at the rank of professor beginning as soon as 
possible. The dept. is seeking a neuroradiologist 
of international renown to fill this most prestigious 
endowed professorship in research, and serve as 
section head of neuroradiology. At the professor 
level, minimum requirements are board certifica- 
tion in radiology, a 3-yr accredited radiology resi- 
dency, a minimum of 6 yr postresidency radiology 
experience in neuroradiology, a national reputa- 
tion in research, and evidence of leadership in 
candidate's professional field. Radiologist will 
be responsible for directing the neuroradiology 
section, requiring expertise in all facets of neuro- 
radiology, digital subtraction angiography, inter- 
ventional radiology, CT, and MRI. Responsibilities 
also include graduate and undergraduate medical 
instruction in clinical neuroradiology, including 
postresidency trainees. Research performance 
will be strongly encouraged and evaluated. Salary 
is negotiable and competitive, and is dependent 
on past scholarly productivity and post-M.D. 
experience. Applicants must be licensed or able 
to obtain a license to practice medicine in the 
State of Minnesota before appointment date. 
Applications will be accepted through Nov. 30, 
1990. Send letters to William M. Thompson, M.D., 
Professor and Chairman, Dept. of Radiology (Box 
292 UMHC), University of Minnesota, 420 Dela- 
ware St., S.E., Minneapolis, MN 55455. The 
University of Minnesota is an equal opportunity 
educator and employer, and specifically invites 
and encourages applications from women and 
minorities. 10a 


RADIOLOGIST/CT CHIEF—The Dept. of Radiol- 
ogy at the University of Minnesota has a full-time 
position available for a CT section head at the 
rank of tenure-track assistant professor, tenured 
associate professor, or tenured professor begin- 
ning as soon as possible. At the assistant pro- 
fessor tevel, minimum requirements are board 
certification in radiology, a minimum of 1 yr 
postresidency specialty training or experience in 
CT, and a demonstrated involvement in quality 
research accepted or published in peer-reviewed 
journals. Appointment at the rank of associate 
professor requires a minimum of 4 yr postresi- 
dency experience, a professional distinction in 
research and writing, and demonstrated effec- 
tiveness in teaching and advising. Appointment 
at the rank of professor requires a minimum of 
6 yr postresidency experience, a national reputa- 
tion in research, and evidence of leadership in 
candidate's professional field. Radiologist will be 
responsible for directing the CT section. Respon- 
sibilities will include all facets of CT radiology, 
with special emphasis in percutaneous biopsy, 
and drainage techniques using CT guidance. 
Responsibilities also include graduate and under- 
graduate medical instruction. Research per- 
formance will be strongly encouraged and 
evaluated. Salary is negotiable and competitive, 
and is dependent on past scholarly productivity 
and post-M.D. experience. Applicants must be 
licensed or able to obtain a license to practice 
medicine in the state of Minnesota before appoint- 
ment date. Applications will be accepted through 
Oct. 31, 1990. Send letters to William M. Thomp- 
son, M.D., Professor and Chairman, Dept. of 
Radiology (Box 292 UMHC), University of Minne- 
sota, 420 Delaware St., S.E., Minneapolis, MN 
55455. The University of Minnesota is an equal 
opportunity educator and employer, and specif- 
ically invites and encourages applications from 
women and minorities. 10a 


THE MACCABI MEDICAL CARE AND HEALTH 
FUND IN ISRAEL has openings for board-certi- 
fied radiologists, on a temporary or permanent 
basis, to work in their outpatient X-ray clinics, 
particularly in the Tel-Aviv, Ramat-Gan, and 
Holon areas. Radiologists who are interested in 
spending their sabbatical in Israel are invited to 
apply, as well as radiologists who are interested 
in coming to Israel to live on a more permanent 
basis. Salary will be determined in accordance 
with the physician’s qualification and experience. 
Maccabi will assist qualified candidates in locat- 
ing appropriate housing. For consideration, 
please send CV to Maccabi Medical Care and 
Health Fund, 27 Hamered St., Tel-Aviv 68125, 
israel, Attn: Mr. Amos Friedman. 10ap 


RADIOLOGIST/CHEST—The Dept. of Radiology 
at the University of Minnesota has a full-time posi- 
tion available in the chest section at the rank of 
tenure-track assistant professor, tenured asso- 
ciate professor, or tenured professor beginning 
Dec. 10, 1990. At the assistant professor level, 
minimum requirements are board certification 
in radiology, a minimum of 1 yr postresidency 
specialty training or experience in chest radioi- 
ogy, and a demonstrated involvement in quality 
research accepted or published in peer-reviewed 
journals. Appointment at the rank of associate 
professor requires a minimum of 4 yr postresi- 
dency experience, a professional distinction in 
research and writing, and demonstrated effec- 
tiveness in teaching and advising. Appointment 
at the rank of professor requires a minimum of 
6 yr postresidency experience, a national reputa- 
tion in research, and evidence of leadership in 
candidate’s professional field. Responsibilities 
will include all facets of chest radiology as well 
as graduate and undergraduate medical instruc- 
tion. Research performance will be strongly 
encouraged and evaluated. Salary is negotiable 
and competitive, and is dependent on past scho- 
larly productivity and post-M.D. experience. 
Applicants must be licensed or able to obtain 
a license to practice medicine in the state of 
Minnesota before appointment date. Applications 
will be accepted through Nov. 30, 1990. Send 
letters to William M. Thompson, M.D., Professor 
and Chairman, Dept. of Radiology (Box 292 
UMHC), University of Minnesota, 420 Delaware 
St., S.E., Minneapolis, MN 55455, The University 
of Minnesota is an equal opportunity educator 
and employer, and specifically invites and encour- 
ages applications from women and minorities. 10a 


THE DEPT. OF RADIOLOGY, MEDICAL CEN- 
TER HOSPITAL OF VERMONT, Burlington, VT, 
is seeking board-certified radiologists for aca- 
demic positions in neuroradiology, angio/inter- 
ventional radiology, body imaging with substantial 
training or experience in MRI, and general diag- 
nostic radiology. Applicants should send letters 
of interest to John P. Tampas, M.D., Professor and 
Chairman, Dept. of Radiology, Medical Center 
Hospital of Vermont, 111 Colchester Avenue, 
Burlington, VT 05401-1435. 10~-1tap 


ASSOCIATE POSITION, VASCULAR/INTER- 
VENTIONAL, BOSTON—A full-time associate 
position is available for July 1, 1991, or sooner, 
at Tufts-New England Medical Center Hospitals. 
The section has 2 staff, 2 fellows, 5 RTs, and 
1 secretary and performs 1500 exams/yr (40% 
interventional and pediatric angio). Responsibil- 
ities are only in the section. Academic appoint- 
ment will be at Tufts University School of Medicine. 
Starting salary will be based on candidate’s 
experience. Must be ABR-certified, have inter- 
ventional fellowship, and full Massachusetts 
license. Contact Victor G. Millan, M.D., Tufts- 
New England Medical Center Hospitalis, Box 253, 
750 Washington St., Boston, MA 02111; (617) 
956-5961 (Barbara). 10-12ap 


RADIOLOGIST /GENITOURINARY—The Dent. of 
Radiology ai the University of Minnesota has a 
full-time position available in the genitourinary 
section at the rank of tenure-track assistant pro- 
fessor, tenured associate professor, or tenured 
professor beginning Dec. 10, 1990. At the assis- 
tant professor level, minimum requirements are 
board certification in radiology, a minimum of 
1 yr postresidency specialty training or experi 
ence in genitourinary radiology. and a demon- 
strated involvement in quality research accepted 
or published in peer-reviewed journais. Appoint- 
ment at the rank of associate professor requires 
a minimum of 4 yr postresidency experience, a 
professional distinction in research and writing, 
and demonstrated effectiveness in teaching and 
advising. Appointment at the rank of professor 
requires a minimum of 6 yr postresidency exper- 
ience, a national reputation in research, and 
evidence of leadership in candidate's professional 
field. Responsibilities will include all facets of 
genitourinary radiology as well as graduate and 
undergraduate medica! instruction. Research 
performance will be strongly encouraged and 
evaluated. Salary is negotiable and competitive, 
and is dependent on past scholarly productivity 
and post-M.D. experience. Apolicants must be 
licensed or able to obtain a license to practice 
medicine in the state of Minnesota before appoirt- 
ment date. Applications will be accented through 
Nov. 30, 1990. Send letters to Wiliam M. Thomp- 
son, M.D., Professor and Chairman, Dept. of 
Radiology (Box 292 UMHO), University of Mime 
sota, 420 Delaware Sti, 5.£., Minneapolis, MN 
55455. The University of Minnesota is an equal 
opportunity educator and employer and specit- 
ically invites and encourages applications from 
women and minorities. 10a 


FACULTY POSITION iN JAPAN— University of 
Hawaii Medical Education Program in Okinawa, 
Japan, invites applications for a faculty in radi- 
ology (CT, general, or pediatric) for 3-6 mo, 
between July 1991 and June 1993. Salary com- 
mensurate with experience mus 30% overseas 
allowance, airfare, and furnished accormmodation 
with all utilities paid. Additional allowance of 
approximately 120,000 yen/mo. ideal for sab- 
batical. Application with CV to Y.B. Talwalkar, 
M.D., Program Director, University of Hawail Pro- 
gram, Okinawa Chubu Hospital, Gushikawa City, 
Okinawa, Japan 904-22. Serious inquiries call 
098973-1515. 10ap 


DIAGNOSTIC RADIOLOGIST, IMMEDIATE 
OPENING: DENVER, CG, AT ROSE MEDICAL 
CENTER (RMC)—A 7-person radiology group is 
recruiting a radiologist with fellowship training in 
body imaging or invasive radiology. The practice 
involves all imaging modalities. RMC is affiliated 
with the University of Colorado. Salary, benefits, 
and location are highly attractive. Contact David 
W. Wilder, M.D., or Jeffrey A. Levy, M.D., at 03) 
320-2256. 10-1ap 


HIGHLAND GENERAL HOSPITAL—Diagnostic 
radiologist needed for Highland General Hospital. 
This is a tevel ll trauma center, 20 min from 
downtown San Francisco. The hospital performs 
66,000 exams/yr. Equipment includes Picker CT 
1200 SX, Picker Digicon angiography suite, and 
3 ultrasound machines including Acuson with 
Doppler. There are 6.2 FTE radiologists and over 
50 technical and secretarial personnel. Limited 
private practice available. Applicant with some 
MRI training or experience desired, but not esser- 
tial. Clinical faculty appointment available for 
suitable candidate. Board certification and Califor- 
nia license necessary. Highland General Hospital 
is an EOE. Reply to Leslie Preger, M.D., Highland 
Genera! Hospital, 1411 E. Sist SL, Oakland, CA 
94602; (415) 437-4204. 10-128 
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RADIOLOGIST /NEURORADIOLOGY—The Dept. 
of Radiology at the University of Minnesota has 
a full-time position available in the neuroradiology 
section at the rank of tenure-track assistant pro- 
fessor, tenured associate professor, or tenured 
professor beginning Dec. 10, 1990. At the assis- 
tant professor level, minimum requirements are 
board certification in radiology. a minimum of 
1 yr postresidency specialty training or experi- 
ence in neuroradiology, and a demonstrated 
involvement in quality research accepted or 
published in peer-reviewed journals. Appointment 
at the rank of associate professor requires a 
minimum of 4 yr postresidency experience, a pro- 
fessional distinction in research and writing, and 
demonstrated effectiveness in teaching and 
advising. Appointment at the rank of professor 
requires a minimum of 6 yr postresidency exper- 
ience, a national reputation in research, and 
evidence of leadership in candidate's professional 
field. Responsibilities will include all facets of 
neuroradiology as well as graduate and under- 
graduate medical instruction. Research perform- 
ance will be strongly encouraged and evaluated. 
Salary is negotiable and competitive, and is 
dependent on past scholarly productivity and 
post-M.D. experience. Applicants must be 
licensed or able to obtain a license to practice 
medicine in the state of Minnesota before appoint- 
ment date. Applications will be accepted through 
Nov. 30, 1990. Send letters to Wiliam M. Thomp- 
son, M.D., Professor and Chairman, Dept. of 
Radiology (Box 292 UMHC), University of Minne- 
sota, 420 Delaware St., S.E., Minneapolis, MN 
55455. The University of Minnesota is an equal 
opportunity educator and employer, and specif- 
ically invites and encourages applications from 
women and minorities. 10a 


RADIOLOGIST / MUSCULOSKELETAL — The 
Dept. of Radiology at the University of Minnesota 
has a full-time position available in the musculo- 
skeletal section at the rank of tenure-track assis- 
tant professor. tenured associate professor, or 
tenured professor beginning Dec. 10, 1990. At the 
assistant professor level, minimum requirements 
are board certification in radiology, a minimum of 
1 yr postresidency specialty training or experi- 
ence in musculoskeletal radiology, and a demon- 
strated involvement in quality research accepted 
or published in peer-reviewed journals. Appoint- 
ment at the rank of associate professor requires 
a minimum of 4 yr postresidency experience, a 
professional distinction in research and writing, 
and demonstrated effectiveness in teaching and 
advising. Appointment at the rank of professor 
requires a minimum of 6 yr postresidency exper- 
lence, a national reputation in research, and 
evidence of leadership in candidate’s professional 
field. Responsibilities will include all facets of 
musculoskeletal radiology as well as graduate 
and undergraduate medical instruction. Research 
performance will be strongly encouraged and 
evaluated. Salary is negotiable and competitive, 
and is dependent on past scholarly productivity 
and post-M.D. experience. Applicants must be 
licensed or able to obtain a license to practice 
medicine in the state of Minnesota before appoint- 
ment date. Applications will be accepted through 
Nov. 30, 1990. Send letters to William M. Thomp- 
son, M.D., Professor and Chairman, Dept. of 
Radiology (Box 292 UMHC), University of Minne- 
sota, 420 Delaware St., S.E., Minneapolis, MN 
55455. The University of Minnesota is an equal 
opportunity educator and employer, and specif- 
ically invites and encourages applications from 
women and minorities. 10a 


IMMEDIATE OPENING, PHOENIX SUBURBAN 
RADIOLOGY GROUP-—A 120-bed, community 
hospital seeks a partner with skills or experience 
in all modalities. Send CV to Carl Hoffman, M.D., 
475 S. Dobson Rd., Chandler, AZ 85224. 10a 
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RADIOLOGIST / PULMONARY RADIOLOGY 
CHIEF—The Dept. of Radiology at the University 
of Minnesota has a full-time position available in 
the pulmonary radiology section at the rank of 
tenure-track assistant professor, tenured asso- 
ciate professor, or tenured professor beginning 
Dec. 10, 1990. At the assistant professor level, 
minimum requirements are board certification in 
radiology, a minimum of 1 yr postresidency spe- 
cialty training or experience in pulmonary radi- 
ology, and a demonstrated involvement in quality 
research accepted or published in peer-reviewed 
journals. Appointment at the rank of associate 
professor requires a minimum of 4 yr postresi- 
dency experience, a professional distinction in 
research and writing, and demonstrated effec- 
tiveness in teaching and advising. Appointment 
at the rank of professor requires a minimum of 
6 yr postresidency experience, a national reputa- 
tion in research, and evidence of leadership in 
candidate's professional field. Responsibilities 
will include all facets of pulmonary radiology as 
well as graduate and undergraduate medical 
instruction. Research performance will be 
strongly encouraged and evaluated. Salary is 
negotiable and competitive, and is dependent on 
past scholarly productivity and post-M.D. exper- 
lence. Applicants must be licensed or able to 
obtain a license to practice medicine in the state 
of Minnesota before appointment date. Applica- 
tions wil be accepted through Nov. 30, 1990. 
Send letters to William M. Thompson, M.D., Pro- 
fessor and Chairman, Dept. of Radiology (Box 
292 UMHC), University of Minnesota, 420 Dela- 
ware St., S.E., Minneapolis, MN 55455. The 
University of Minnesota is an equal opportunity 
educator and employer, and specifically invites 
and encourages applications from women and 
minorities. 10a 


NEURORADIOLOGIST—The University of Louis- 
ville, Dept. of Diagnostic Radiology is seeking a 
BC/BE diagnostic radiologist to fill a full-time 
faculty position as chief of neuroradiology. The 
candidate must have had additional training in 
neuroradiology and be willing to participate in 
undergraduate and graduate teaching and in 
research activities. This is a fine opportunity in 
a growing and busy dept. with excellent equip- 
ment. Tenure-track and non—tenure-track appoint- 
ments available; academic rank commensurate 
with training and experience; compensation 
negotiable and competitive. Send inquiries with 
CV and 3 references to Hollis A. Thomas, M.D., 
Professor and Chairman, Dept. of Diagnostic 
Radiology, Humana Hospital- University of Louis- 
ville, 530 S. Jackson St., Louisville, KY 40202. 
The University of Louisville is an equal opportu- 
nity/affirmative action employer and encourages 
women and minority candidates to apply. 10~-11a 


BEAUTIFUL GULF COAST/PENSACOLA, FL 
immediate opening for ABR-certified Florida- 
licensed radiologist to be employed by 10-person 
group in large. multispecialty clinic. 3-5 days/wk. 
Prefer long-term. Contact J. J. Crittenden, M.D.: 
(904) 474-8561. 10ap 


NEURORADIOLOGIST AND INTERVENTIONAL 
RADIOLOGIST—The Dept. of Diagnostic Imag- 
ing/ Radiology of Sinai Hospital of Detroit is seek- 
ing individuals who would practice primarily in the 
areas of neuroradiology and vascular/interven- 
tional radiology, respectively. Our hospital is a 
tertiary-care, university-affiliated institution with a 
thriving residency program. The dept. consists of 
13 radiologists with private practice on a fee-for- 
service, separate billing arrangement. Individuals 
should have an interest in teaching and research. 
Apply to Philip N. Cascade, M.D., Chairman, 
Dept. of Diagnostic Imaging/ Radiology, Sinai 
Hospital. 6767 West Outer Drive, Detroit, Ml 
48235-2899; (313) 493-5906. 10-1tap 
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RADIOLOGIST /MRI-ULTRASOUND—The Dept. 
of Radiology at the University of Minnesota has 
a full-time position available in the ultrasound 
section at the rank of tenure-track assistant pro- 
fessor, tenured associate professor, or tenured 
professor beginning Dec. 10, 1990. At the assis- 
tant professor level, minimum requirements are 
board certification in radiology, a minimum of 
1 yr postresidency specialty training or experi- 
ence in ultrasound, and a demonstrated involve- 
ment in quality research accepted or published 
in peer-reviewed journals. Appointment at the 
rank of associate professor requires a minimum 
of 4 yr postresidency experience, a professional 
distinction in research and writing, and demon- 
strated effectiveness in teaching and advising. 
Appointment at the rank of professor requires a 
minimum of 6 yr postresidency experience, a 
national reputation in research, and evidence 
of leadership in candidate’s professional! field. 
Responsibilities will include all facets of ultra- 
sound as weil as graduate and undergraduate 
medical instruction. Research performance will 
be strongly encouraged and evaluated. Salary is 
negotiable and competitive, and is dependent on 
past scholarly productivity and post-M.D. exper- 
ience. Applicants must be licensed or able to 
obtain a license to practice medicine in the state 
of Minnesota before appointment date. Applica- 
tions will be accepted through Nov. 30, 1990. 
Send letters to William M. Thompson, M.D., Pro- 
fessor and Chairman, Dept. of Radiology (Box 
292 UMHC), University of Minnesota, 420 Dela- 
ware St, S.E., Minneapolis, MN 55455. The 
University of Minnesota is an equa! opportunity 
educator and employer, and specifically invites 
and encourages applications from women and 
minorities. 10a 


MAMMOGRAPHY, UNIVERSITY OF PENNSYL- 
VANIA— Exceptional opportunity in academic 
mammography within a high-volume, rapidly 
expanding, breast imaging section. Ongoing 
screening and problem-solving mammography, 
breast ultrasound, and coliaborative projects. 
Academic rank and salary commensurate with 
credentials. Resident and student teaching 
responsibilities along with negotiabie participation 
in bone and chest outpatient radiology. Position 
available immediately. Applicant must be ABR- 
certified and able to obtain license in Pennsyl- 
vania. University of Pennsylvania is an affirmative 
action, equal opportunity employer and specifi- 
cally encourages applications from women and 
minorities. Send letter and CV to Rosalind H. 
Troupin, M.D., Dept. of Radiology, H.U.P., 3400 
Spruce St., Philadelphia, PA 19104. 10-iap 


BC/BE RADIOLOGIST, SUBURBAN PHILA- 
DELPHIA—Tired of hospital-based radiology? 
Opportunity to join private imaging facility with 
state-of-the-art equipment, including fourth-gener- 
ation CT. Competency in CT, ultrasound, mam- 
mography, and general radiography is a must. 
Compensation includes salary for the first yr with 
an opportunity for partnership after first yr. Send 
CV to Box F61, AJR (see address this section). 
10—tap 


IMMEDIATE OPENING, DIAGNOSTIC RADI- 
OLOGY—Midwest city of 55,000 in metropolitan 
area of 600,000. Abundant recreational oppor- 
tunities to complement hospital-based, 3-person 
group practice with very up-to-date equipment 
including MRI, CT, color ultrasound, SPECT 
nuclear, and angio with DSA. University appoint- 
ment may be available if desired. Medical staff is 
highly specialist oriented. Competitive salary and 
benefit package including pension, health and 
disability insurance, and time off. Contact Charles 
Morris, M.D., PO. Box 279, Council Bluffs, iA 
51502; (712) 328-7646 (office) or (712) 328-2074 
(home). 10-tap 
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NEURORADIOLOGIST—The University of Vir- 
ginia Health Sciences Center is seeking a fourth 
neuroradiologist. The university hospital, a new, 
700-bed facility, is located in a beautiful, vibrant, 
university community which is near the Blue Ridge 
Mountains, and yet only a short drive to major 
metropolitan areas. The radiology dept. is modern 
and well-equipped with 3 CT scanners, 3 high- 
field MRI units, and state-of-the-art angiography 
equipment. The Division of Neuroradiology is an 
integral part of an excellent neurosciences pro- 
gram providing excellent research opportunities. 
Candidates should contact Wayne S. Cail, M.D., 
Director of Neuroradiology, Dept. of Radiology, 
University of Virginia Health Sciences Center, 
Charlottesville, VA 22908; (804) 924-2781. 10a 


PENN STATE UNIVERSITY, FACULTY POSITION 
iN CARDIOVASCULAR / INTERVENTIONAL 
RADIOLOGY—The Penn State University, Dept. 
of Radiology, is seeking a full-time faculty mem- 
ber in the Section of Cardiovascular/interventional 
Radiology for July 1, 1991. The section provides 
a wide range of services in all aspects of diag- 
nostic and interventional angiography (including 
neuro- and pulmonary angiography), percuta- 
neous and combined percutaneous/peroral biliary 
interventions, genitourinary interventions, central 
and peripheral venography (with IVC filter place- 
ment), traumatic and oncological embolizations, 
foreign body retrievals, complex biopsy and 
drainage procedures (under multiple imaging 
modalities), and is currently an FDA test site for 
a new holmium:YAG intravascular laser. Clinical 
responsibility at the assistant professor level is 
required, necessitating a Pennsylvania medicai 
license, University Hospital medical staff privi- 
leges, and ABR certification. Although seeking a 
junior faculty person at the assistant professor 
level, the academic rank will be commensurate 
with previous academic performance, recommen- 
dations, and Penn State University guidelines. 
independent original research is expected and 
is amply funded, both in time and money. The 
animal research facility at Penn State University 
is one of the finest facilities of its kind in the 
country and is coupled with a dedicated MR 
research facility with angiographic and spectro- 
scopic capability. Both research facilities are 
Staffed by full-time research associates and 
research faculty, and are equipped with modern, 
state-of-the-art equipment. The position is open 
to persons who have completed an accredited 
residency program in radiology and an accredited 
fellowship in CV/I radiology, can obtain a Penn- 
sylvania medical license, and have fulfilled ABR 
requirements for board certification. A generous 
and competitive salary and benefits package are 
offered. National meeting presentation is encour- 
aged and fully supported. Exceptional academic. 
biophotographic, and secretaria! support are also 
provided. Applicants should respond as soon as 
possible with a letter of interest and current CV. 
Piease direct inquiries and requests for applica- 
tion forms to John F. Cardella, M.D., Associate 
Professor and Chief, Cardiovascular / Interven- 
tional Radiology Section, Penn State University/ 
Hershey Medical Center, Box 850, Hershey, PA 
17033. Penn State University is an affirmative 
action, equal opportunity employer. Women and 
minorities are encouraged to apply. 10—-1a. 


BOARD-CERTIFIED RADIOLOGIST to join hos- 
pital-based group of 3 radiologists. Teaching 
hospital close to San Francisco and Sierras. 
Approved residencies in surgery, internal medi- 
cine, family practice, and OB/GYN. Salary 
6 figures, negotiable dependent on training and 
experience with subsequent increases. California 
license required. Submit CV to Douglas McGirr, 
M.D., P.O. Box 1020, Stockton, CA 95201; 
(209) 468-6225. 10-11ap 


CLASSIFIED ADVERTISEMENTS 


DIAGNOSTIC RADIOLOGIST sought to join a 
fee-for-service group practice at 2 mid-Bronx 
hospitals. Board-certification with expertise in 
imaging and in special procedures/interventional 
radiology preferred. Please send CV to Arthur 
Avenue Radiology, PC., PO. Box 4332, Great 
Neck, NY 11027. 10-3ap 


DIAGNOSTIC RADIOLOGIST—A 4-member radi- 
ology group located in beautiful southwestern 
Montana is currently seeking an additional board- 
certified/eligible radiologist. Expertise in MRI 
preferred. Hospital-based and office practice. 
Excelient schoo! system and outstanding, year- 
round recreational activities. Approximately 35,000 
exams last yr. Hospital is acquiring MRI and 
updating CT services. One yr to full partnership. 
Contact Dennis L. Rich, M.D., 300 N. Willson, 
Bozeman, MT 59715; (406) 587-8631. 10-3ap 


VACANCY EXISTS AT VA MEDICAL CENTER, 
CHEYENNE, WY, for a board-certified or eli- 
gible radiologist. Contact Jeffrey Hunt, AA/COS, 
(307) 778-7307 or send CV to 2360 E. Pershing 
Bivd., Cheyenne, WY 82001. We are an equal 
opportunity employer. 10a 


VA MEDICAL CENTER IMAGING SERVICE, 
PRESCOTT, AZ, is accepting applications for a 
full-time radiologist. Competence and proficiency 
in interpreting CT scans is required. Prescott is 
a 217-bed, general medicine hospital with a busy 
combined radiology and nuclear medicine ser- 
vice. Prescott is located in the mountains of north- 
central Arizona, with a population of 25,000. Com- 
mitment and selection is dependent on obtaining 
and installing a CT scanner. Salary, approximately 
$80,000, dependent on qualifications. Send CV to 
Mary M. Poncel, M.D., Chief of imaging Ser- 
vice, VA Medical Center, Prescott, AZ 86313; 
(602) 445-4860, ext. 214. An equal opportunity 
employer. 10a 


VASCULAR/INTERVENTIONAL RADIOLOGIST 
Progressive, private-practice group is seeking a 
second fellowship-trained vascular and interven- 
tional radiologist for its expanding interventional 
radiology service. We are currently performing 
more than 1000 procedures/yr. We are budgeted 
for 2 state-of-the-art vascular suites, the first to be 
installed early in 1991. We will break ground soon 
on a new imaging center to include 2 MRI and 
2 CT (including a cine CT) scanners. We have a 
noninvasive lab and retain admitting privileges for 
our interventional service. We are located in 
Fresno, CA, at Saint Agnes Medical Center. Saint 
Agnes is a tertiary-referral center for the San Joa- 
quin Valley, and Fresno is one of the fastest grow- 
ing cities in CA. We are located 90 mi. from 
Yosemite National Park and less than 2 hr from 
excellent winter skiing and 2 hr from the coast. 
We offer 2 yr to full partnership with excellent 
salary and benefits. Please contact Art Fontaine, 
M.D., Dept. of imaging, Saint Agnes Medical 
Center, 1303 E. Herndon, Fresno, CA 93710; (209) 
449-3210. 10-3ap 


NEURORADIOLOGIST—Exceilent, young, 12- 
person radiology group has an opening for a well- 
trained neuroradiologist. Practice is hospital- 
based with 2 GE CT 9800 scanners, 1 high-field 
MRI, 1 mid-field MRI, new GE angio. Please con- 
tact Richard D. Herman, M.D., Dept. of Radiology, 
St. Luke’s Hospital, Bethlehem, PA 18015; (215) 
691-4200. 10-1ap 


RADIOLOGIST, SAN FRANCISCO BAY AREA 
New, hospital-based, private practice with all 
modalities including MRI center. Comfortable 
practice, beautiful area, and excellent medical! 
staff. Recently trained radiologist with angio/ 
interventional or neuroradiology skills desired. 
Available 1991. Send CV to James E. Remkus, 
M.D., 6001 Norris Canyon Road, San Ramon, 
CA 94583. 10-Tlap 
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DIAGNOSTIC RADIOLOGIST, TEXAS—Progres- 
sive, well-diversified group (15 radiologists) has 
immediate opening for a B8C/BE diagnostic radi- 
ologist with competence in a broad range of 
modalities. Additional consideration for fellowship. 
Excellent opportunity with excellent salary and 
benefits. Send CV with letter of inquiry to Will 
Gray, M.D., 1101 N. 19th Si, Abilene, TX 79601. 
10-lap 

THE DEPT. OF RADIOLOGY, VIRGINIA COM- 
MONWEALTH UNIVERSITY / MEDICAL COL 
LEGE OF VIRGINIA (VCU / MCV), AND THE 
MCGUIRE VA MEDICAL CENTER, RICHMOND, 
VA, seek faculty for positions in diagnostic radi- 
ology (chest, Gi. mammography, CT, ultrasound, 
MRI, musculoskeletal, pediatrics, ER, and angio/ 
interventional), nuclear medicine, and radiologic 
physics. MCV is a 1058-bed facility (205 for 
pediatric patients) and a level i trauma center. 
The McGuire VAMC is an 800-bed facility (pedi- 
atrics excluded). ABR certification or eligibility 
required. Individual should have experience work- 
ing in a culturally diverse environment. Academic 
rank and salary commensurate with experience. 
For position description or to submit CV, write or 
phone A.V. Proto, M.D., Dept. of Radiology, 
MCV Box 470, Richmond, VA 23298-0470; (804) 
786-7212. VCU/MCV is an equal opportunity/ 
affirmative action employer. Women and minori- 
ties are encouraged to apply. 70a 


HARTFORD, CT-—Position available July 1991 for 
board-certified radiologist to join an established 
group of 8. Practice includes haspital and 4 pri 
vate offices, all fully equipped including CT. 
Mammography experience is helpful. CT and MEI 
experience is essential. Competitive starting 
salary and benefits. Please enclose CV with initial 
correspondence to Jeffrey Blau, MD, 40 Hart St, 
New Britain, CT 06052; (203) 229-2059. 10xa 


FACULTY POSITION, ANGIOGRAPHY/INTER- 
VENTIONAL RADIOLOGY—The Dept of Radi- 
ology at The George Washington University 
Medical Center, Washington, DC, is seeking a 
board-eligible or certified radiologist to join the 
Section of Angiography/interventional Radiology 
as a full-time, non—-tenure track, faculty member 
at the assistant or associate professor level. Can- 
didates must have completed a minimum of 1 yr 
fellowship training in interventional radiology at 
a program recognized by the SCVIR. Research 
interest and experience is highly desirable, but 
not essential. The George Washington University 
Medical Center is a 450-bed, general hospita! 
located 7 blocks from the White House with a 
large variety of ongoing research projects and 
representation in all medical and surgical sub- 
speciaities. The section of angiography/interven- 
tional radiology is equipped with 2 state-of-the-art 
angio suites adjoining a large, central control 
room. The section is responsible for all non-neuro 
and noncardiac diagnostic angiography. inter- 
ventional vascular procedures, as well as all 
nonvascular image-guided interventions using 
ultrasound, CT, or fluoroscopy. Current ongoing 
research projects exist in mate impotency, MTBE 
dissolution of gallstones, and chemoembolization 
of liver tumors. The section currently performs 
approximately 800 procedures/yr and is wel 
staffed with trained technologists, nurses, and a 
physician’s assistant. There is an established 
fellowship program, and there is active involve- 
ment by the residents on the service. Salary and 
academic rank are cammensurate with exper- 
ience. Applications will be accepted through 
Dec. 2, 1990. Letters of inquiry must be accom- 
panied by a CV and should be sent to Edward 
M. Druy, M.D., Dept. of Radigiogy, The George 
Washington University Medical Center, 901 23rd 
St, N.W., Washington, DC 20037. The George 
Washington University is an affirmative action/ 
equal opportunity employer. 10a 
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THE NEW YORK HOSPITAL, CORNELL MEDI- 
CAL CENTER, DEPT. OF RADIOLOGY has a 
position available for a junior attending in an 
expanding uroradiology section beginning July 
1991. Position invoives responsibilities in clinical 
aspects of GU imaging, teaching, and research. 
Applicants should be boara-certified/eligible with 
experience in cross-sectional imaging. Please 
send CV to Susan Krysiewicz, M.D., Dept. of 
Radiology, NYH-CUMC, 525 E. 68th St., Starr 
8A15, New York, NY 10021; (212) 746-2557. 10-1a 


PEDIATRIC NEURORADIOLOGIST—An oppor- 
tunity is available for a qualified pediatric neuro- 
radiologist who is certified by the ABR as well as 
fully trained in neuroradioiogy, including pediatric 
neuroradiology. The candidate must be a senior 
member of the American Society of Neuroradi- 
ology. in addition, the individual must be capable 
and trained in general diagnostic pediatric radi- 
ology, cross-sectional imaging, and all aspects of 
diagnostic and interventional pediatric neuroradi- 
ology. A solid knowledge of MR and interest in 
MR research is required. Other duties include 
clinical service and teaching. Candidates must 
be qualified for faculty appointment at the assis- 
tant professor level with a future in academic 
pediatric neuroradiology. All applicants should 
apply to David C. Kushner, M.D., Chairman, Dept. 
of Diagnostic Imaging and Radiology, Children’s 
National Medical Center, 111 Michigan Avenue, 
N.W., Washington, DC 20010. Equal opportunity 
employer. 10ap 


RADIOLOGISTS -- New York City, combined 
private radiology practice, and fee-for-service 
hospital practice has an immediate opening for 
a board-certified radiologist with experience in 
CT, ultrasound, and interventional radiology. In 
addition, MRI and mammography experience is 
preferred. This well-established practice has 3 
private offices on the upper East Side of Man- 
hattan as well as operations in 2 hospitals in 
Manhattan. Other studies performed in the prac- 
tice are diagnostic radiology, nuclear imaging, 
and vascular duplex imaging. The practice con- 
tinues to expand in all imaging modalities with 
its recent opening of a second state-of-the-art 
MRI unit. Excellent benefit package includes 
health, lite, disability, and malpractice insurance; 
profit sharing plan; continuing medical education; 
and a travel and entertainment account for pro- 
fessional use. Send CV to Box F67, AJR (see 
address this section). 10~12ap 


ANGIOGRAPHY /INTERVENTIONAL RADIOLO- 
GIST—Excellent opportunity for diagnostic radiol- 
ogist with additional training in angiography and 
interventional radiology to join private practice 
group of 13 radiologists. Practice in 600-bed, 
university-affiliated, community hospital, with 
radiology residency, in a pleasant suburban set- 
ting 25 mi. from New York City. State-of-the-art 
equipment including Acuson with color Doppler, 
Siemens Somatom Plus CT, and 1.5-T Magnetom. 
Competitive salary leading to partnership. Please 
send CV to A. Salomon, M.D., 151 Summit Ave., 
Summit, NJ 07901. 9-12ap 


RADIOLOGIST, MARYLAND—BC/BE to join 7 
physicians in our radiology dept. Neuroradiology 
fellowship training desired. Key features include 
knowledge of neuro MRI, angiography, and CT. 
Need to have willingness to do other aspects of 
radiology. Part of a larger physician multispecialty 
group, providing care for BC/BS affiliated HMO 
as well as growing FFS practice. Excellent bene- 
fits and salary. Located in Columbia, MD, near 
the cultural advantages and medical schools of 
the Baltimore-Washington, DC, area. Please direct 
inquiries and CV to Patuxent Medical Group, 
2 Knoll N. Dr, Ste. 401, Columbia, MD 21045, 
Attn: Physician Recruiter. 9~10ap 


CLASSIFIED ADVERTISEMENTS 


THE DIVISION OF VASCULAR AND INTERVEN- 
TIONAL RADIOLOGY of Emory University, Dept. 
of Radiology, is seeking a fellowship-trained, 
interventional radiologist to join our staff. This 
is an exciting opportunity for an individual with 
clinical, teaching, and/or research interest. We 
are involved in all aspects of interventional radi- 
ology including angioplasty, atherectomy, laser 
angioplasty, thrombolysis, and biliary and GU 
intervention. Our equipment is state-of-the-art. 
Research opportunities are available in a fully 
equipped research laboratory. Atlanta is a cosmo- 
politan city with ample cultural and recreational 
resources and a mild climate. interested candi- 
dates should contact Stephen L. Kaufman, M.D., 
Dept. of Radiology, Emory University Hospital, 
1364 Clifton Rd., N.E., Atlanta, GA 30322. Emory 
University is an equal opportunity, affirmative 
action employer. 9-1ta 


BC/BE RADIOLOGISTS—VA Medical Center 
(VAMC), lowa City, IA, has opening for full-time 
and/or part-time BC/BE radiologists with exper- 
lence in CT, ultrasound, MRI, and angiography. 
Radiology Service recently moved into an all new, 
expanded radiology suite with state-of-the-art 
equipment. This 327-bed VAMC is closely affil- 
lated with the University of lowa. University 
residents are present full-time in the dept. Oppor- 
tunities for teaching and research exist. Suitable 
candidates will be considered for combined 
University/ VAMC appointment at a level and 
salary commensurate with training and exper- 
ience. Send CV and federal application for phy- 
sicians, VA form 10-2850, to J. E. Kasik, M.D., 
Chief of Staff. VAMC, lowa City, IA 52246. For 
additional information, call Edith A. Kurth, Per- 
sonnel Service (05A), VA Medical Center, lowa 
City, [A 52246; (319) 338-0581, ext. 7730. The 
Dept. of Veterans Affairs is an equal opportunity 
employer. 9-10a 


THE DIVISION OF NUCLEAR MEDICINE, Ore- 
gon Health Sciences University, Portland, OR, 
invites applications for a faculty position available 
immediately either part-time in nuclear medicine 
or full-time divided between nuclear medicine and 
another division of diagnostic radiology. Board- 
certification in nuclear medicine is required. Send 
CV to Richard W. Katzberg, M.D., Chairman, or 
Jeffrey S. Stevens, M.D., Dept. of Diagnostic 
Radiology, UHN72, Oregon Health Sciences Uni- 
versity, 3181 S.W. Sam Jackson Park Rd., Port- 
land, OR 97201-3098. OHSU is an affirmative 
action, equal opportunity employer. 9-12a 


DIAGNOSTIC RADIOLOGISTS—Owing to expan- 
sion and retirement, several positions are avail- 
able with a large, dynamic radiology group in the 
Central New Jersey/Bucks County, PA, region. 
Openings for radiologists with expertise in 1 or 
more of the following: nuclear medicine, general, 
angio/interventional, and MRI. immediate avail- 
ability. Send letter and CV to E. Tarasov, M.D., 
838 W. State St., Trenton, NJ 08618. 9-10a 


OUTPATIENT CLINIC-RADIOLOGIST, UNIVER- 
SITY OF PITTSBURGH—We are seeking an 
additional radiologist for the Falk Clinic—Out- 
patient Division. This is an attractive, modern 
facility with state-of-the-art equipment, including 
plain radiography, fluoroscopy, mammography, 
sonography, and CT. The appointment will be at 
the assistant or associate professor level, with 
rank appropriate with experience. Salary and 
fringe benefits are very competitive. This is an 
academic appointment with emphasis on clinical 
service and teaching. The University of Pitts- 
burgh is an equal opportunity employer. Contact 
Michael P. Federie, M.D., Professor and Chair- 
man, Dept. of Radiology, Presbyterian-University 
Hospital, DeSoto at O'Hara Sts., Pittsburgh, PA 
15213. 9-llap 
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SALT LAKE CITY, UT—Opportunity for board- 
certified diagnostic radiologist, with recent MRI 
fellowship training, to join group of 7 board- 
certified radiologists. Experience in all aspects of 
general radiology required. Practice includes 2 
hospitals, 2 private offices. and a freestanding 
MRI center. Send letter and CV to Neel E. Ben- 
nett, M.D., Medical Director and Chairman, Dept. 
of Radiology, Holy Cross Hospital, 1050 E. S. 
Temple, Salt Lake City, UT 84102: (801) 350-4636. 
10xa 


NEW ENGLAND-—BC/BE diagnostic radiologist, 
with expertise in ultrasound, CT, and mammog- 
raphy sought by 6-member, office practice dept. 
in an established, rapidly expanding, multispe- 
cialty, prepaid, and FFS group practice. New 
imaging center. Physician owned and directed. 
Send CV to Medical Director, Fallon Clinic, Ine., 
630 Plantation St., Worcester, MA 01604. 9-10ap 


PEDIATRIC RADIOLOGIST—Yale University 
School of Medicine, Yale-New Haven Medical 
Center, is seeking a radiologist for a full-time 
faculty appointment. Academic rank will be at the 
tenured or nontenured assistant/associate pro- 
fessor level, depending on qualifications. Clinical 
responsibilities include both radiographic and 
cross-sectional pediatric imaging along with 
teaching conferences and training of radiology 
and pediatric house staff. Involvement with ongo- 
ing or new research projects will be encouraged. 
A new children’s hospital, scheduled for compile- 
tion in mid-1993, will contain its own pediatric 
imaging dept. Please send inquiries along with 
CV to Marc S. Keller, M.D., Chief, Section of 
Pediatric Imaging, Dept. of Diagnostic Radiology, 
Yale University School of Medicine, 333 Cedar 
St., New Haven, CT 06510. Yale University is an 
equal opportunity/affirmative action employer; 
applications from women and minority groups 
are encouraged. Application deadline is Oct. 30, 
1990, 9-10a 


DIAGNOSTIC RADIOLOGIST—immediate open- 
ing. Seeking a board-certified radiologist with 
specialty in ER radiology. Academic rank of assis- 
tant or associate professor level. Dept. currently 
performs 87,000 exams/yr and has a residency 
training program. Strong teaching background 
required. Compensation commensurate with 
qualifications and experience. Must possess or 
be able to obtain Missouri licensure. Send letter 
of interest and CV to Fong Y. Tsai, M.D., Profes- 
sor and Chairman, University of Missouri-Kansas 
City, Dept. of Radiology, 2301 Hoimes, Kansas 
City, MO 64108. 9-ttap 


BC GENERAL DIAGNOSTIC RADIOLOGIST— 
immediate opening at the Dartmouth-Hitchcock 
Medical Center, Mary Hitchcock Memorial Hospi- 
tal (420 beds, 58,000 inpatient, 48,000 outpatient 
exams/yr). Dept. consists of 13 staff and 9 res- 
ident radiologists with full range of modern 
radiologic practice. Seeking general diagnostic 
radiologist to be member of a 200-physician, 
academic, multispecialty group that forms the 
clinical faculty of Dartmouth Medical School.. 
Strong clinical orientation and interest in teaching 
is essential. Board certification or eligibility is 
required. Write to Peter K. Spiegel, M.D., Dept. 
of Radiology, Dartmouth-Hitchcock Medical Cen- 
ter, 2 Maynard St., Hanover, NH 03756. The 
Dartmouth-Hitchcock Medical Center is an affir- 
mative action/equal opportunity employer, and 
applications from women and minority groups 
are encouraged. 10a 


POSITION AVAILABLE IN PALM SPRINGS, CA 
for a radiologist to join a 10-person group in a 
community hospital/office practice. Contact 
Marvin J. Friedenberg, M.D., Dept. of Radiology, 
Desert Hospital, 1150 N. Indian, Palm Springs, 
CA 92262. 9-11ap 
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NUCLEAR MEDICINE—Excellent opportunity for 
a diagnostic radiologist with special interest in 
nuclear medicine (special competency preferred) 
to join a private-practice group of 13 radiologists. 
600-bed, university-affiliated community hospital, 
with radiology residency, in a pleasant suburban 
setting 25 mi. from New York City. State-of-the- 
art equipment including Acuson with color Dop- 
pler, Siemens Somatom Plus CT, and 1.5-T Mag- 
netom. Competitive salary leading to partnership. 
Please send CV to A. Salomon, M.D., 151 Summit 
Ave., Summit, NJ 07901. 9-12ap 


DIAGNOSTIC RADIOLOGIST—BC/BE radioio- 
gist needed to join busy, 12-member dept. of a 
320-physician, multispecialty, medical clinic in 
desirable Twin Cities area. This outpatient prac- 
tice opportunity involves a large case load of 
general radiology including mammography, ultra- 
sound and nuclear medicine, and special imag- 
ing including CT and MRI. Salary and benefits 
are highly competitive. Send CV and letter of 
inquiry to Patrick Moylan, Park Nicollet Medical 
Center, 5000 W. 39th St., Minneapolis, MN 55416. 
9-10ap 

SKELETAL AND MRI RADIOLOGIST to join 
private radiology group in Los Angeles area. 
Candidate must have a special interest in sports 
medicine and diseases of the spine. Send appli- 
cation and CV or inquiries to Larry Kussin, M.D., 
15243 Vanowen St., #106, Van Nuys, CA 91405. 
9-t0ap 


ULTRASOUND SECTION CHIEF, UNIVERSITY 
OF MARYLAND—The University of Maryland 
Hospital seeks a chief for the ultrasound section 
of the Dept. of Radiology. Although already well- 
equipped, this position offers a great opportunity 
for expansion and development, both with the 
new ail-digital Dept. of Radiology under construc- 
tion at the adjoining VA Hospital and in a new 
planned all-digital Dept. of Radiology to be con- 
structed at the University Hospital. Applicants 
should have specialist training and fellowship in 
ultrasound and a willingness to be involved in the 
teaching of residents and students. Academic 
rank and salary are commensurate with exper- 
ience. The radiologists are organized as a pro- 
fessional corporation, offering excellent fringe 
benefits. Baltimore is a superb place to live and 
work. it has all the amenities of a large metro- 
politan center, yet is small enough to avoid most 
of the problems (traffic, inflated property values, 
etc.) of our largest cities. It is only 3 hr from the 
ocean and Washington, Philadelphia, and New 
York are readily accessible. Submit CV to Gerald 
S. Johnston, M.D., Dept. of Diagnostic Radi- 
ology, 22 S. Greene St., Baltimore, MD 21201. 
(800) 866-8667, ext. 3477. Affirmative action/equal 
opportunity employer encourages applications 
from members of minority groups. 9~2ap 


DIAGNOSTIC RADIOLOGIST/PARTNERSHIP 
POTENTIAL—Well-established, multioffice prac- 
tice offers an outstanding opportunity to a BC/BE 
radiologist. Expertise should include all phases 
of diagnostic radiology emphasizing ultrasound 
and mammography. We have an outstanding 
referral base derived from many years of service 
to the medical community. Located in the Boston 
area near major roads; you can live in any of 
Boston's suburbs. Generous salary and benefits 
including vacation and profit sharing are but a 
first step to an early partnership position. Please 
send your current CV to Box E47, AJR (see 
address this section), 9-10a 


DIAGNOSTIC RADIOLOGIST/SUBURBAN BOS- 
TON, PART-TIME—Large, private-group practice 
has immediate opening for a part-time radiologist 
with skills in general radiology, ultrasound, mam- 
mography, and CT. No angiography. No night 
call. Send CV to David Novick, M.D., Box 2004, 
Andover, MA 01810. 9-10ap 


CLASSIFIED ADVERTISEMENTS 


ULTRASOUND/CT/MRI— Opportunity for a 
board-certified radiologist specializing in ultra- 
sound, body CT, and body MRI to pursue an 
academic career at the New York Hospital-Cornelt 
Medical Center. Dept. provides state-of-the-art 
equipment, including Acuson ultrasound, GE 
9800 CT, and GE Signa 1.5-T MR. Wide variety 
of ultrasound exams include abdominal, OB- 
GYN, color Doppler, small parts, neonatal head, 
transvaginal, and transrectal. Prefer candidate 
with prior fellowship in sectional imaging or 
ultrasound. Responsibilities include clinical prac- 
tice, teaching, and research. Position available 
7/1/91 or earlier. Please send CV to Elias Kazam, 
M.D., Dept. of Radiology, The New York Hospital- 
Cornell Medical Center, 525 E. 68th St., New 
York, NY 10021. 9-12ap 


UNIVERSITY OF ILLINOIS COLLEGE OF MEDI- 
CINE AT CHICAGO has an opening for a board- 
certified, diagnostic radiologist with interest in 
abdominal imaging including CT, MRI, ultra- 
sound, GI, and GU radiology. The position offers 
a balance of clinical, teaching, and research 
activities. Salary and faculty rank are appropriate 
to experience. Please send inquiries along with 
CT to Steven Pinsky, M.D., Professor and Head 
of Radiology, University of Illinois at Chicago, 
1740 West Taylor Street, Chicago, IL 60612; 
(312) 996-0234. UICOMC is an AA/EO employer 
offering competitive salary and benefit package. 
9-12a 


VASCULAR/INTERVENTIONAL AND DIAG- 
NOSTIC IMAGING, 2 POSITIONS—The 11-mem- 
ber imaging section of Guthrie Clinic-Robert 
Packer Hospital desires associates with fellowship 
training and/or expertise in the above areas. The 
Guthrie Clinic provides tertiary care in the south- 
ern tier of New York and the northern tier of Penn- 
sylvania in the beautiful, endless mountains. 
Outstanding practice opportunities in an environ- 
ment free of urban hassle. Please send letter of 
inquiry with CV or call Thomas F. Bednarek, M.D., 
Chairman, Dept. of Radiology, Guthrie Healthcare 
System, Sayre, PA 18840; (717) 882-4025. 9-11a 


BOSTON, IMMEDIATE OPENING—Radiologist 
wanted to join busy, well-established, private- 
practice group with 4 outpatient facilities. Exper- 
tise in ultrasound and mammography. No eve- 
ning or weekend call. Excellent life-style, partner- 
ship opportunity. Send letter and CV to Box E49, 
AJR (see address this section). 9-2ap 


INDIANAPOLIS, IN—Practice opportunity for a 
radiologist to serve as medical director of a new, 
freestanding, privately owned, high-field MR 
imaging center. Facility will be managed by and 
affiliated with the Center for Diagnostic Imaging 
in Minneapolis, MN. MR experience mandatory. 
Subspecialty experience in MR desirable. Board 
certification and licensure in Indiana required. 
Please send inquiries with CV to Kenneth B. 
Heithoff, M.D., Center for Diagnostic Imaging, 
5775 Wayzata Bivd., Ste. 190, Minneapolis, MN 
55416. Ail inquiries entirely confidential. No tele- 
phone calls please. 9-11ap 


THE UNIVERSITY OF ARIZONA seeks part-time 
general radiologists to participate in its clinical 
and research programs at its university and 
affiliated hospitals. Applicants should be experi- 
enced in plain film interpretation and cross- 
sectional imaging; expertise in mammography is 
desirable. Rank and salary are related to the 
applicant's credentials. The review of applications 
will begin Sept. 15, 1990, and will continue until 
the position is filled. The University of Arizona is 
an equal opportunity employer. Contact Bruce J. 
Hillman, M.D., Vice-Chairman, Dept. of Radiology, 
University Medical Center, Tucson, AZ 85724: 
(602) 694-7368. 9-12a 
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ACADEMIC POSITION, UNIVERSITY OF CALI 
FORNIA, LOS ANGELES (UCLA)—The UCLA 
Dept. of Radiological Sciences is recruiting an 
individual with an established record in MRI 
and/or spectroscopy to develop a basic and 
Clinical MR research program. The dept. has 5 
MR scanners in operation and the medical image 
ing division has an extensively equipped image 
processing laboratory and directs a biomedical 
physics graduate program. The candidate is 
expected to coordinate the overall MR research 
programs, attract extramural research suppor, 
integrate MR research into the graduate program, 
and participate in the teaching and administration 
of graduate students and residents, For the initial 
application, candidates should submit CV, names 
and addresses of 5 references, a synopsis of their 
current research program (including past, pre- 
sent, and pending grant support), representative 
recent publications, and a statement of teaching 
and administrative experience to Zoran L, Bar- 
baric, M.D., Chairman of Search Committee. 
Dept. of Radiological Sciences, UCLA School of 
Medicine, 10833 Le Conte Ave., Los Angeles, CA 
90024-1721. UCLA is an equal opportunity/affir- 
mative action employer. 9-114 


THE UNIVERSITY OF ARIZONA, DEPT. OF 
RADIOLOGY, seeks 2 full-time, general radiolo- 
gists to participate in clinical, teaching, and 
research activities at its university and affitiated 
hospitals. Applicants should be experienced in 
plain film interpretation. cross-sectional imaging, 
and mammography. Rank, salary, and time allot- 
ted to research are related to the applicant’s 
credentials and interests. The review of applica- 
tions will begin Sept. 15, 1990, and will continue 
until the position is filled. The University of Ari- 
zona is an equal opportunity employer. Contact 
Bruce J. Hillman, M.D.. Vice-Chairman, Dept. of 
Radiology, University Medical Center, Tucson, AZ 
85724; (602) 694-7368. 9-12a 


DIAGNOSTIC RADIOLOGIST—Eiaght board- 
certified radiologists in expanding, hospital-based 
private practice seek BC/E general radiologist to 
associate. Competence in all modalities expected 
with need for MRI training emphasized. Oppor- 
tunity in midwestern city of 72,000 offers gener- 
ous compensation/vacation. Full partnership 
after 2 yr. Reply to Box D33, AJA (see address 
this section). 8~tiap 


FACULTY POSITION IN DIAGNOSTIC RADIOL. 
OGY—The Dept. of Radiology of MetroHealth 
Medical Center, a Case Western Reserve Univer- 
Sity-affiliated hospital, invites applications from 
interested qualified radiologists for a faculty posi- 
tion in general diagnostic radiology, Candidates 
should be board-certified with 3 yr experience 
and background in all phases of diagnostic radi- 
ology including fluoroscopy and musculoskeletal 
radiology. A faculty appointment will be made 
commensurate with the candidate's experience 
and qualifications. MHMC is a 742-bed. Lavel 7 
trauma center providing tertiary care and general 
hospital services to the Cleveland metropolitan 
area. The Dept. of Radiology is an active, aca- 
demic dept. fully equipped with state-of-the-art 
equipment in angiography, CT, and ultrasound 
and includes a free-standing MRI suite with a 
second scanner scheduled for installation in fall 
1990. This position provides an excellent oppor- 
tunity for collaborative and individual research, 
medical student and resident education, and pro- 
fessional development. interested candidates 
should forward CV and other pertinent informa- 
tion to Errol M. Bellon, M.D., Director, Dept. of 
Radiology, MetroHealth Medical Center, 3395 
Scranton Rd., Cleveland, OH 44109. MetroHealth 
Medical Center and Case Western Reserve Uni- 
versity are equal opportunity employers. 8-10a 
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NEWPORT, VT—Busy practice in modern, 80- 
bed community hospital. In-house CT, new ultra- 
sound, nuclear, mammography, and angiography 
capabilities. Lakeside community close to Jay 
Peak. Competitive guarantee. Fee-for-service 
practice. Send CV to New England Health 
Search, 63 Forest Avenue, Orono, ME 04473; 
(207) 866-5680 or (207) 866-5685. 9~10ap 


DIAGNOSTIC RADIOLOGIST/TOLEDO, OH— 
Expanding, 20-radiologist, quality-oriented group 
seeks 2 board-certified general radiologists (no 
angio required). Group covers 850-bed tertiary 
hospital; 350-bed suburban hospital; 3 outpatient 
offices; and performs 225,000 exams/yr. All imag- 
ing modalities are represented. Will consider any 
high-quality applicant who can contribute to the 
group, although university training and/or exper- 
tise in a given area such as ultrasound, pediatric 
radiology, MR/CT, or GI radiology desirable. Posi- 
tion leads to equal partnership and combines 
excellent salary with very generous vacation time. 
All practice locations within 15 min of each other 
and are situated in an area of superb family- 
oriented living with excellent schools. Send CV 
to Drs. Keith Wilson or Dave Parker, The Romer 
Bidg., 3912 Sunforest Ct., Toledo, OH 43623; 
(419) 471-4438 (daytime). 7~10ap 


NORTHERN CALIFORNIA/SAN FRANCISCO 
BAY AREA—The Permanente Medical Group is 
seeking a BC radiologist with multimodality inter- 
ests and fellowship training in MR or interven- 
tional radiology to join a 10-person group serving 
a 337-bed, acute-care hospital and 2 outpatient 
clinics. Teaching opportunities are availabie with 
residents of subspecialty services on rotation from 
Stanford University Hospital as well as our own 
medical residents. We are currently siting a GE 
15-T MRI system and installing a new LU arm. 
Competitive salary and excellent benefits. Please 
send inquiries and CV to Bruce Baker, M.D., 
Chief, Dept. of Radiology, Kaiser Permanente 
Medical Center, 900 Kiely Bivd., AD-AJR, Santa 
Clara, CA 95051; (408) 236-4444. EOE. 8-10a 


AMARILLO, TX, 4-PERSON GROUP, servicing 
a 300-bed adult, medical-surgical hospital and 
a 16-physician internal medicine clinic, has imme- 
diate need for a radiologist with residency train- 
ing in MRI. interest in neuroradiology would be 
an asset. Hospital has 1-yr-old CT scanner and 
arteriography suite. Clinic has new CT scanner 
also. GE 1.5-T unit to be installed in hospital by 
Aug. 1990. Interested parties send CVs to Radi- 
ological Associates, 1901 Medi Park PI., Ste. 101, 
Amarillo, TX 79106. 8-10ap 


FLORIDA OUTPATIENT DIAGNOSTIC CENTER 
seeks BC/BE radiologist with recent training in 
nuclear medicine, ultrasound, CT, and skeletal 
imaging. Must be service-oriented. Send CV to 
Administrator, P.O. Box 693, Meibourne, FL 32902. 
9~10ap 


DIAGNOSTIC RADIOLOGIST—Board-certified/ 
eligible radiologist with expertise in CT, ultra- 
sound, nuciear medicine, mammography, angi- 
ography, and MRI needed to join group of 4 
board-certified radiologists. Hospital-based prac- 
tice in acute-care, 300-bed hospital with high risk 
OB and neonatal ICU. Excellent relationship with 
hospital administration. Annual volume, 85,000 
exams. State-of-the-art equipment including Sie- 
mens Hi-Q CT, 2 Acuson 128 ultrasound units, 
and SPECT. Siemens 1.5-T MRI being installed. 
Pleasant living area, within 4-hr drive from ski/ 
mountain areas of New Mexico and Colorado, 
draws from regional patient population of 350,000. 
Generous salary and benefits leading to early 
partnership. Contact Gayle H. Bickers, M.D., 
PO. Box 3460, Amarillo, TX 79116-3460; 
(806) 378-4708. 7-12ap 


CLASSIFIED ADVERTISEMENTS 


FACULTY POSITIONS IN NEURORADIOLOGY 
AND CROSS-SECTIONAL IMAGING—The Dept. 
of Radiology of MetroHealth Medical Center, a 
Case Western Reserve University-affiliated hos- 
pital, invites applications from interested qualified 
radiologists for faculty positions in neuroradiology 
and cross-sectional imaging. Candidates should 
be board-certified with fellowship experience in 
their field. The faculty appointment will be made 
commensurate with the candidate’s experience 
and qualifications. MHMC is a 742-bed, Level 1 
trauma center providing tertiary care and general 
hospital services to the Cleveland metropolitan 
area. The Dept. of Radiology is an active, aca- 
demic dept. fully equipped with state-of-the-art 
equipment in angiography, CT, and ultrasound 
and includes a free-standing MRI suite with a 
second scanner scheduled for installation in fall 
1990. These positions provide an excellent oppor- 
tunity for collaborative and individual research. 
medical student and resident education, and pro- 
fessional development. Interested candidates 
should forward CV and other pertinent informa- 
tion to Errol M. Bellon, M.D., Director, Dept. of 
Radiology, MetroHealth Medical Center, 3395 
Scranton Rd., Cleveland, OH 44109. MetroHealth 
Medical Center and Case Western Reserve Uni- 
versity are equal opportunity employers. 8-10a 


THE DEPT. OF RADIOLOGY AT TRIPLER ARMY 
MEDICAL CENTER, HONOLULU, HI, is recruiting 
academic radiologists for several divisions of the 
dept. including ultrasound, chest, skeletal, neuro, 
and general diagnostic radiology. Our dept. offers 
a fully accredited residency program with 20 
residents and 16 attending full-time staff. Numer- 
ous consultants from across the country lecture 
on a continuing and regular basis. The hospital 
is a modern, tertiary-care center serving Hawaii 
and the entire Pacific Basin. A strong residency 
program, diverse and interesting patient popula- 
tion, excellent equipment, and a tropical lifestyle 
are positive aspects of the practice. Academic 
credentials and/or experience are necessary. 
Recently graduated fellows are encouraged to 
apply. Board certification is mandatory. Candi- 
dates should be particularly interested in patient 
care, teaching, and research. Salary and benefits 
are competitive and generous. Tripler is an EO/ 
EEO employer. Please contact Mark F. Hansen, 
M.D., CoL., MC, Chief, Dept. of Radiology, TAMC, 
Hi 96859-5000; (808) 433-6393. 8-7a 


FACULTY ULTRASOUND RADIOLOGIST, 
THOMAS JEFFERSON UNIVERSITY HOSPITAL 
Jefferson's Dept. of Radiology wishes to recruit 
a faculty radiologist to work in our division of 
diagnostic ultrasound. Candidates at all levels will 
be considered. This division is housed in 1 of the 
largest and best equipped facilities in the world 
and is extensively involved in the full range of 
ultrasound studies including obstetrical, vascular, 
echocardiography, invasive, endoluminal, and 
both biliary and kidney stone lithotripsy. A new 
outpatient ultrasound facility is under construc- 
tion adjacent to the main campus. The position 
provides excellent salary and benefits, protected 
research time each wk, and an opportunity to 
become associated with 1 of the most academ- 
ically productive ultrasound groups anywhere. 
interested individuals should contact either Barry 
Goldberg, M.D. (Director of Ultrasound), or David 
C. Levin, M.D. (Dept. Chairman), at the Dept. of 
Radiology, Thomas Jefferson University Hospital, 
Philadelphia, PA 19107. Jefferson is an equal 
opportunity/affirmative action employer. 10xa 


FULL-TIME BC RADIOLOGIST needed to staff 
outpatient women’s diagnostic center in suburban 
Dallas. Experience in mammography and OB/ 
GYN sonography preferred. No call responsibili- 
ties. Attractive compensation package. Send CV 
to Box Y56, AJR (see address this section). 10xa 
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TWO BC RADIOLOGISTS, KANSAS CITY, MO 
Six radiologists currently covering a 600-bed, 
tertiary medical center seek a radiologist experi- 
enced in angio/interventional and a 2nd, well- 
rounded radiologist with all capabilities. Positions 
open immediately. Salary and fringe benefits 
competitive. Both positions lead to full partner- 
ship. Send CV and letter of inquiry to J. M. Speck- 
man, M.D., 6400 Prospect, Ste. 310, Kansas City, 
MO 64132. 8-itap 


IMMEDIATE OPENING, DIAGNOSTIC RADI- 
OLOGIST—Seeking a board-certified radiologist 
as codirector in handling a busy abdominal 
section, CT, ultrasound, MRI, and diagnostic 
procedures. Academic rank is at the level of assis- 
tant or associate professor. Dept. currently per- 
forms 87,000 exams/yr and has a residency 
training program. Strong interest in teaching and 
collaborative clinical investigation is required. 
Compensation commensurate with qualifications 
and experience. Must possess or be able to 
obtain Missouri licensure. Applicants should send 
letters of interest and CV to Fong Y. Tsai, M.D., 
Professor and Chairman, Dept. of Radiology. 
University of Missouri-Kansas City, School of 
Medicine, 2301 Holmes, Kansas City, MO 64108. 
8-10ap 


UTMB, GALVESTON, TX—The Dept. of Radi- 
ology of The University of Texas Medical Branch 
in Galveston has openings for persons trained 
and experienced in ultrasound, mammography, 
and abdominal imaging. The opportunity for 
academic advancement is great and benefits are 
generous. Salaries are competitive and living con- 
ditions are desirable, Interested persons should 
contact Melvyn H. Schreiber, M.D., Chairman, 
Dept. of Radiology, UTMB, Galveston, TX 77550; 
(409) 761-1823. UTMB is an equal opportunity 
M/F/H/V affirmative action employer. UTMB 
hires only those authorized to work in the United 
States. 7-12a 


MAINE—Excellent opportunity for BC/BE, fellow- 
ship-trained radiologist in MRI or interventional 
or neuroradiology, for general diagnostic position 
with progressive, well-established, small group. 
Live and work in college community in southern 
region close to coast, mountains, and lakes. 
Competitive compensation package leading to 
partnership. Affiliate with 200-bed, modern, 
community hospital. Send CV to New England 
Health Search, 63 Forest Ave., Orono, ME 04473; 
(207) 866-5680 or (207) 866-5685. 7-1tap 


DIAGNOSTIC RADIOLOGIST with skills in CT, 
MR, interventional, ultrasound, and nuclear medi- 
cine to join group of 8 board-certified radiologists. 
Growing practice in eastern Washington. 200-bed 
hospital and 4 private offices. Long-term poten- 
tial of practice is excellent. Top-notch school 
system, including 3 first-rate universities. Excel- 
lent hunting, fishing, boating, and skiing. Contact 
L. E. Crecelius, M.D.. N. 5901 Lidgerwood, Ste. 
18B, Spokane, WA 99207; (509) 482-2385. 7-12ap 


DIAGNOSTIC RADIOLOGISTS — Progressive 
3-member group in North Carolina Coastal Plain 
seeks 2 BC/BE radiologists. ACR-accredited prac- 
tice includes 350-bed, regional referral hospital, 
outpatient office, and women’s diagnostic center. 
State-of-the-art equipment. Excellent financial 
package. Send letter and CV to Box C13, AJR 
(see address this section). 7-12ap 


IMMEDIATE OPENING FOR BOARD-CERTIFIED 
DIAGNOSTIC RADIOLOGIST to join a 3-member 
group in desirable north Dallas location. Must 
have expertise in all aspects of diagnostic radi- 
ology including angiography and MRI. Hospital 
and outpatient office practice. Salary commen- 
surate with experience. Serious inquiries only. 
Send CV to Jeffrey Kam, M.D., 11617 N. Central 
Expressway, Ste. 132, Dallas, TX 75243. 7-12ap 














AJR:155, October 1990 


BC/BE DIAGNOSTIC RADIOLOGIST needed 
full-time for an outpatient radiology clinic. Non- 
invasive procedures including fluoroscopy, ultra- 
sound, and mammography. Our facility is centrally 
located in a N.E. Ohio city. Excellent competitive 
Salary and fringe benefits. Salary negotiable. 
Please write to Box C19, AJR (see address this 
section). 7-10ap 


IMMEDIATE OPENING, PART-TIME, SUBUR- 
BAN BOSTON — 300-bed, university-affiliated, 
community teaching hospital seeks BE/BC radi- 
ologist. Flexible hours. Send CV to Box B6, 
AJR (see address this section). 9-11ap 


IMMEDIATE OPENING — Four board-certified 
radiologists seek a 5th for a dynamic diagnostic 
and interventional practice in a multispecialty 
Clinic attached to a 200-bed hospital. All imaging 
modalities are represented. Excellent benefit 
package includes health, life, disability and 
malpractice insurance, profit-sharing plan, and 
continuing medical education. Fargo is on the 
Minnesota-North Dakota state line, 30 mi. from 
the Minnesota lake country, 250 mi. from both 
Minneapolis-St. Paul, MN, and Winnipeg, Can- 
ada. Contact Douglas Landers, M.D., Dakota 
Clinic, Ltd., PO. Box 6001, Fargo, ND 58108: 
(701) 280-3321. 5-10a 


NEURORADIOLOGIST, BRIGHAM & WOMEN’S 
HOSPITAL —The Dept. of Radiology at Brigham 
and Women’s Hospital/Harvard Medical Schoo! 
is seeking a neuroradiologist for a full-time aca- 
demic position. Research and teaching oppor- 
tunities are available. Candidate must be BC/ 
BE, with fellowship training in neuroradiology. 
Please send CV to B. Leonard Holman, M.D., 
Chairman, Dept. of Radiology, Brigham and 
Women’s Hospital, 75 Francis St., Boston, MA 
02115. Brigham and Women's Hospital/Harvard 
Medical School is an affirmative action/equal 
opportunity educator and employer, 6-11a 


ALASKA, ANCHORAGE/SITKA—Need public 
service-oriented diagnostic radiologists. Medical 
school loan repayment available. Excellent 
benefits. CT/some interventional. Contact: 
Ken Bartline, Alaska Area Native Health Service, 
250 Gambell Street, Anchorage, AK 99501: 
(907) 257-1457 collect. EOE. 6-10a 


IMMEDIATE OPENING—BC/ BE neuroradiolo- 
gist to join medium-sized group in Austin, TX. 
Practice covers major trauma center and outpa- 
tient radiology facility. In addition to general 
diagnostic services, outpatient facility also pro- 
vides CT and MRI service on 2 GE 9800 scan- 
ners, GE 1.5-T, and 0.5-T MR units. Applicants 
are requested to contact Drs. Boyd, Gray, or 
Lava, 711 W. 38th St., Ste. B-8, Austin, TX 78705: 
(512) 454-8718. 6-11ap 


IMMEDIATE, UNEXPECTED OPENING for B/C, 
recently trained diagnostic radiologist, preferably 
with fellowship experience. Busy, 4-member, 
hospital-based practice in beautiful university 
town in central PA, home of Penn State Univer- 
sity, seeks fifth radiologist. All modalities including 
mobile MRI, fixed MRI planned. Excellent salary 
and benefits leading to early partnership. Send 
CV with references to R.A. Rockower, M.D., 
Centre Community Hospital, 1800 E. Park Ave., 
State College, PA 16803; (814) 234-6137. 9-12ap 


SOUTHERN OREGON—Opportunity for BC/BE, 
general diagnostic radiologist to join group of 5 
board-certified radiologists. Experience in all 
modalities desired. Practice includes 2 hospitals 
and own private office. Competitive starting salary 
with early full partnership. Excellent lifestyle with 
many outdoor activities from Pacific Coast to 
Oregon Cascades. Send CV to Larry Strickland, 
Administrator, Roseburg Radiologists, PC., P.O. 
Box 1547, Roseburg, OR 97478, 5-10ap 


CLASSIFIED ADVERTISEMENTS 


IMMEDIATE OPENING ~ BOSTON SUBURBAN 
RADIOLOGY GROUP — 300-bed, university- 
affiliated, community hospital seeks partner with 
skills or experience in all modalities. Send CV to 
Box B2, AJR (see address this section). 9-11ap 


WANTED, JULY 1991— Young, outgoing, BC/BE 
general radiologist to work in 120-bed community 
medical center (1 of 2 Missoula, MT, hospitals) 
covered by 6-person group. We seek someone 
with special interest in ultrasound and mam- 
mography, but also experienced in angiography, 
CT, and MRI. Position leads to directorship of 
dept. in 3 yr. One yr to full partner income, 2 yr 
to full partnership. Missoula, in mountainous 
western Montana, is the home of the University 
of Montana and offers a progressive medical envi- 
ronment with over 150 physicians, as well as 
abundant recreational opportunities including 
Skiing, fishing, hunting, and backpacking. Send 
CV to Missoula Radiology, Inc., PO. Box 2039, 
Missoula, MT 59806. 10ap 


TWO BOARD-CEATIFIED/ELIGIBLE GENERAL 
DIAGNOSTIC RADIOLOGISTS to join expanding, 
11-person group covering 2 hospitals and 2 MR 
sites. Ideal private practice in a stable midwest 
community using all imaging modalities and 
interventional techniques. Can start immediately 
or wait until July 1990. Excellent opportunity 
with excelient salary and benefits. Send CV to 
Joseph F. Norfray, M.D., MR Center of Spring- 
field, 319 E. Madison, Springfield, IL 62701. 8~t1ap 


WANTED—Full- and/or part-time BE/BC diag- 
nostic radiologist, with MRI experience and inter- 
ventional training desirable, to join 4-person group 
in 200-bed community hospital and private office 
setting doing 50,000 exams per yr. All imaging 
modalities offered. Located in Reading, PA, with 
population in metropolitan area of 300,000. Family- 
oriented suburban life with excellent schools. 
recreation, and cultural activities. One hr. to 
Philadelphia, 21⁄2 hr. to New York City or Wash- 
ington, and 2 hr. to the Poconos or seashore. 
Competitive salary and benefits leading to part- 
nership for full-time position. Write with CV to 
Jonathan L. Stolz, M.D., Director, Dept. of Radi- 
ology, Community General Hospital, 145 N. Sixth 
St, Reading, PA 19601. 9~10ap 


NEURORADIOLOGIST—immediate faculty open- 
ing for a fellowship-trained neuroradiologist to join 
an evoiving neuroimaging center at the Univer- 
sity of Oklahoma Health Sciences Center, Okla- 
homa City, OK. Academic rank determined by 
previous experience. Salary and benefits are 
highly competitive. Strong commitment to teach- 
ing and research desired. Must be board-certified 
and eligible for senior membership in the ASNR. 
Send cover letter and CV to Don A. Wilson, M.D., 
MR Center of Oklahoma (BMR-10), PO. Box 
26307, Oklahoma City, OK 73126. Affirmative 
action/equal opportunity employer. 5-10a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportuni- 
ties for 3~4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D.. 1844 San Miguel Dr., #302, Walnut Creek. 
CA 94596; (415) 947-0560. 8-10xa 


Positions Desired 


SENIOR NEURORADIOLOGY FELLOW, ABR/ 
BC seeks academic position in a large commu- 
nity/small university hospital with radiology resi- 
dency program. Small- or medium-sized dept. 
with emphasis on teaching desirable. High-field 
MR1/1024 biplane digital angiography preferred. 
Hard worker who will relocate for quality position. 
References/CV available. Please respond to 
Box F63, AJR (see address this section). 10~11bp 
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BC NEURORADIOLOGY FELLOW desires part- 
nership-track position in private practice in greater 
Philadeiphia metropolitan area (Harrisburg/Allen- 
town/Wilmington/Philadelphia} beginning surn- 
mer 1991. Greater than 75% neuroradiology, mid- 
and high-field MRI. Digital angiography an asset. 
Highly motivated physician with entrepreneurial 
skills. Excellent references. CV on request. Please 
reply Box F65, AJR (see address this section). 
10~libp 


EXPERIENCED, COMPATIBLE GROUP of up to 
4 BC radiologists seeks contract in quality Sun- 
belt hospital. Strong in all modalities including 
interventional, MRI, ultrasound, and CT. impec- 
cable track record, credentials. and references. 
Prefer separate billing. Please respond to Box 
D31, AJR (see address this section). 8~10bp 


Fellowships and Residencies 


FELLOWSHIP IN PEDIATRIC RADIOLOGY, 
JULY 1991—The Dept. of Radiology, Children's 
Hospital of Michigan, Detroit, MI, offers a fellow- 
ship in pediatric radiology beginning July 1991. 
Children’s Hospital is a 300-bed institution where 
approximately 80.000 radiologic exams are per- 
formed annually by 7 full-time faculty radiologists. 
Training includes all aspects of pediatric mage 
ing: neonatal radiology, neuroimaging, musculo- 
Skeletal radiology, cardiovascular and thoracic 
imaging. abdominal imaging, oncologic imaging, 
ultrasonography, nuclear medicine, CT. MRI. and 
vascular/interventional techniques. Facilities 
include digital fluoroscopy, ultrasound units with 
Doppler and color flow Doppler capabilities, 
Gamma and SPECT tomographic nuclear cam- 
eras, CT scanner, MRI, and angiographic suite 
with digital vascular imaging. Numerous oppor- 
tunities to participate in both clinical and basic 
research. Salary and fringe benefits are highly 
competitive. Candidates must be board-certified 
or board-qualified in diagnostic radiology and 
must be able to obtain a Michigan medical 
license. Children’s Hospital of Michigan is an 
affirmative action/equal opportunity employer. 
Address inquiry and CV to Thomas L. Slovis, 
M.D.. Director, Dept. of Radiology, Children’s 
Hospital of Michigan, 3901 Beaubien Biva., 
Detroit, MI 48201; (313) 745-0094. 10c 


FELLOWSHIP IN ANGIOGRAPHY /INTERVEN- 
TIONAL RADIOLOGY—The Dept. of Radiology, 
The George Washington University Medical 
Center, Washington, DC, has an opening for a 
t-yr fellowship in angiography/interventional 
radiology beginning July 1, 1991. The section 
consists of 2 adjoining state-of-the-art angio 
suites sharing a large common control room. The 
section is responsible for all non-neuro and norn- 
Cardiac diagnostic angiography as weil as all 
nonvascular image-quided interventions, using 
ultrasound, CT, or fluoroscopy, Current Ongoing 
research projects include male impotency, MTBE 
dissolution of galistones, and chemoembolization 
of liver tumors, Active vascular interventions. 
including thrombolytic therapy. laser-assistec 
angioplasty, and atherectorny. Cross-training in 
vascular ultrasound and vascular MRI also poss- 
ible. Approximately 800 cases/yr Applicants 
must be graduates of an approved U.S. medica! 
school or its equivalent, must have completed an 
approved residency in diagnostic radiology, and 
be eligible for ABR certification and medical 
licensure in the District of Columbia. Please 
send inquiries with CV to Edward M. Druy, M.D., 
Dept. of Radiology, The George Washington 
University Medical Center, 901 23rd St, NW., 
Washington, DC 20037. The George Washington 
University is an EEO/affirmative action employer. 
10c 
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FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRi—July 1, 1992, to June 30, 1993, at the 
New York Hospital-Cornell Medical Center. Dept. 
provides state-of-the-art equipment including 
Acuson ultrasound, GE 9800 CT, and GE Signa 
15-T MR. Wide variety of ultrasound exams 
include abdominal, OB-GYN, color Doppier, small 
parts, neonatal head, transvaginal, and transrec- 
tal. Applicant should be ABR eligible or certified. 
Send CV to Elias Kazam, M.D., Dept. of Radi- 
ology, The New York Hospital-Cornell Medical 
Center, 525 E. 68th St, New York, NY 10021. 
9-12cp 


THE UNIVERSITY OF MIAMI/ JACKSON MEMO- 
RIAL MEDICAL CENTER, RADIOLOGY DEPT., 
has fellowship openings for July 1, 1991, in body 
imaging and vascular interventional radiology at 
a 1500-bed combination regional tertiary referral 
center and primary care facility. The body imaging 
fellowship includes CT, ultrasound, and MRI, and 
interventional procedures under these modalities. 
The vascular/interventiona! fellowship includes 
diagnostic angiography and vascular and non- 
vascular interventions. For more information, call 
or write Jorge J. Guerra, Jr, M.D., PO. Box 016960 
(R-109), Miami, FL 33101; (305) 549-6894. 10~Ticp 


NATIONAL INSTITUTES OF HEALTH (NIH) 
FELLOWSHIP IN RADIOLOGIC RESEARCH— 
The newly established Radiology Research and 
Training Program at NIH is offering 2-yr fellow- 
ships to encourage young men and women to 
pursue a program of original basic research in 
laboratories on the NIH campus. Candidates who 
have recently completed clinical training in diag- 
nostic radiology or nuclear medicine or, under 
special circumstances, are currently in residency, 
would be considered for these positions. The 
fellowship emphasizes basic research with no 
clinical responsibilities, except as they relate to 
the candidate’s project. Fellows will have access 
to the imaging laboratories of the Radiology 
Research and Training Program, facilities in the 
in Vivo NMR Center, the PET program of the 
Dept. of Nuclear Medicine, the Biomedical Engi- 
neering and instrumentation Branch, and other 
laboratories on the NIH campus. The position 
would involve a full-time appointment, either in 
the Civil Service or Public Health Service, with an 
annual salary starting at $37,000. Initial appoint- 
ments will begin July 1991. Candidates should 
submit a CV, at least 2 letters of reference, and 
a preliminary statement concerning area of 
research interest to John Doppman, M.D., Bidg. 10, 
Room 1C-660, National institutes of Health, 
Bethesda, MD 20892 or fax (301) 496-9933, 10—12c 


FELLOWSHIP IN NEURORADIOLOGY — A fel- 
lowship position in neuroradiology is available 
July 1, 1990 and 1991, in the Dept. of Radiology 
at New England Medical Center Hospitals, Bos- 
ton, MA. The hospital is the teaching unit of Tufts 
University School of Medicine. The program is 
for 2 yrs and includes both adult and pediatric 
case material. The fellow will be trained in the 
technique and interpretation of carotid and ver- 
tebral angiography as well as myelography. CT 
and MRI of the head and spine form major com- 
ponents of the neuroradiology service, as does 
interventional neuroradiology. Neuroradiological 
services at the New England Medical Center 
Hospitals are carried out in liaison with the 
Depts. of Neurology, Neurosurgery, and Pediatric 
Neurology. Joint radiologic and clinical confer- 
ences are held frequently and, within a short 
time, the applicants will have considerable expo- 
gure to an array of neuroradiologic material. The 
Dept. of Neuropathology also runs a monthly con- 
ference, allowing correlation to be made between 
radiologic interpretation and pathology. Interested 
applicants should call Samuel M. Wolpert, M.D., 
Professor of Radiology and Neurology, Director 
of Fellowship Program; (617) 956-6333. 8-10cp 


CLASSIFIED ADVERTISEMENTS 


FELLOWSHIP IN ULTRASOUND / CT/ ANGIO- 
INTERVENTIONAL—A i-yr fellowship program 
available beginning July 1991 at Lehigh Valley 
Hospital Center in Allentown, PA. LVHC is a 
492-bed, acute-care, university-affillated hospital. 
The fellowship program offers training in CT 
(head and body), ultrasound, angiography (neuro 
and visceral), and interventional radiography. MRI 
experience is also available, For further informa- 
tion, contact Robert Kricun, M.D., Dept. of Radi- 
ology, Lehigh Valley Hospital Center, P.O. Box 
689, Allentown, PA 18105. 8~10c 


FELLOWSHIPS IN PEDIATRIC RADIOLOGY, 
JULY 1991—The Dept. of Radiology, Children’s 
Hospital Medical Center, Cincinnati, OH, offers 1- 
or 2-yr fellowships in pediatric radiology beginning 
July 1991. Children’s Hospital Medical Center is a 
355-bed institution where approximately 100,000 
radiological exams are performed annually by 13 
full-time faculty radiologists. Four fellowship posi- 
tions are availabie annually. Training includes all 
aspects of pediatric imaging: neonatal radiology, 
neuroimaging, musculoskeletal radiology, cardio- 
vascular and thoracic imaging, abdominal imag- 
ing, oncologic imaging, ultrasonography, nuclear 
medicine, CT, MRI, and vascular/interventional 
techniques. Facilities include digital fluoroscopy, 
Acuson and ATL ultrasound units with Doppler 
and color-flow Doppler capabilities, Gamma and 
SPECT tomographic nuclear cameras, GE 9800 
Quick CT scanner, 1.5-T GE MRI, and cardiac 
catheterization/angiographic suite with digital 
vascular imaging. Numerous opportunities to par- 
ticipate in both clinical and basic research. Salary 
and fringe benefits are highly competitive. Candi- 
dates must be board-certified or board-qualified 
in diagnostic radiology and must be able to obtain 
an Ohio medical license. Children’s Hospital Med- 
ical Center and the University of Cincinnati Col- 
lege of Medicine are affirmative action/equal 
opportunity employers. Address inquiry and CV 
to Donald R. Kirks, M.D., Director, Dept. of Radi- 
ology, Children’s Hospital Medical Center, Elland 
and Bethesda Aves., Cincinnati, OH 45229-2899; 
(513) 559-8058. 1-12cp 


FELLOWSHIPS AT THOMAS JEFFERSON UNI- 
VERSITY HOSPITAL—The Dept. of Radiology at 
Thomas Jefferson University Hospital in Phila- 
deiphia offers the following fellowship programs 
each yr. Ultrasound/CT/MRI — Jefferson’s ultra- 
sound division is 1 of the largest in the world and 
performs all currently available exams including 
obstetric, vascular, lithotripsy, invasive, and endo- 
luminal. We also operate 4 GE 1.5-T MRI units 
and 3 CT scanners. Contact Barry Goldberg, 
M.D., regarding this program. Cardiovascular/ 
interventional — this division is housed in a new 
suite containing Philips angio units with DSA 
and performs the full range of vascular and non- 
vascular interventional procedures. Contact 
Geoffrey Gardiner, Jr., M.D. Neuro/ENT radiology 
— very active clinical services supply a wealth of 
material to this division, which is housed in a 
neurosciences imaging center containing all 
imaging modalities. Contact Carlos Gonzalez, 
M.D. Breast imaging — Jefferson's new breast 
imaging center performs approximately 85 
studies/day including ultrasound and needle 
localizations. Contact Stephen Feig, M.D. Chest 
—- includes biopsies and CT. Contact Robert 
Steiner, M.D. MRI — a dedicated body MRI pro- 
gram including excellent research opportunities 
in addition to a large clinical case load. Contact 
Matthew Rifkin, M.D. Ultrasound — a dedicated 
ultrasound program. Contact Barry Goldberg, 
M.D. Musculoskeletal — includes MAI of the 
musculoskeletal system. Contact David Karasick, 
M.D. All program directors listed above can be 
contacted at the Dept. of Radiology, Thomas Jef- 
ferson University Hospital, Philadelphia, PA 19107. 
Jefferson is an equal opportunity/affirmative 
action employer. 10xc 


AJR:155, October 1990 


CARDIOVASCULAR/NTERVENTIONAL RADIOL- 
OGY FELLOWSHIP, PENN STATE UNIVERSITY 
The Penn State University, Dept. of Radiology, 
offers 1- or 2-yr fellowships in cardiovascular/ 
interventional radiology, with a primary purpose 
of preparing graduates for academic careers in 
the subspecialty of CV/I radiology. Fellows will 
receive training in all aspects of diagnostic and 
interventional angiography (including neuro and 
pulmonary angiography), percutaneous and 
combined percutaneous/perorai biliary interven- 
tions, genitourinary interventions, central and 
peripheral venography (with iVC filter place- 
ment), traumatic and oncological embolizations, 
foreign body retrievals, and complex biopsy and 
drainage procedures (under multiple imaging 
modalities). Clinical responsibility at the instruc- 
tor level is required, necessitating a Pennsyi- 
vania medical license, university hospital medical 
staff privileges, and ABR eligibility (at time of 
application) and certification (during first program 
yr). Independent original research is expected 
and is amply funded, both in time and money. 
The animal research facility at Penn State 
University is one of the finest facilities of its kind 
in the country and is coupled with a dedicated 
MR research facility with angiographic and 
spectroscopic capability. Both research facilities 
are staffed by full-time research associates and 
research faculty, and are equipped with modern 
state-of-the-art equipment. The fellowship is 
open to individuals who have completed an 
accredited residency program in radiology, can 
obtain a Pennsylvania medical license, and have 
fulfilled ABR requirements for board-certification 
or eligibility. A generous competitive salary and 
benefits package are offered. Academic, biopho- 
tographic, and secretarial support are also pro- 
vided. Applicants should respond as soon as 
possible with a letter of interest and current CV. 
Please direct inquiries and requests for applica- 
tion forms to John F. Cardella, M.D., Associate 
Professor and Chief, Cardiovascular/Interven- 
tional Radiology Section, Penn State University/ 
Hershey Medical Center, Box 850, Hershey, PA 
17033. Penn State University is an affirmative 
action, equal opportunity employer. Women and 
minorities are encouraged to apply. 10-ic 


WOMEN’S IMAGING FELLOWSHIP—A 1- or 2-yr 
comprehensive experience in women’s imaging 
modalities is offered in Tucson, AZ. Procedures 
in which we expect the fellow to gain expertise 
include high-volume, low-cost screening mam- 
mography and its associated administrative, 
financial, and epidemiological aspects; problem- 
solving diagnostic mammography, including 
invasive mammographic procedures (e.g., stereo- 
tactic guided cytology and galactography); high- 
volume obstetric and gynecologic sonography. 
Annual stipend is $50,000. Contact Arizona State 
Radiology, 7250 E. Ventana Canyon Dr., Tucson, 
AZ 85715; (602) 620-4911. 10-tcp 


FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRI, DENVER, CO—The University of Colo- 
rado Health Sciences Center has fellowship open- 
ings for July 1992 through June 1993. The dept. 
provides state-of-the-art equipment including 
Acuson, ATL UM-9, and Acoustic Imaging ultra- 
sound and color Doppler capability; Toshiba 900S 
and Picker 1200SX CT scanners; and GE Signa 
1.5-T and Toshiba 0.35-T MRI units. The wide 
variety of ultrasound exams includes OB/GYN, 
transplant studies, Doppler, small parts, and intra- 
cavitary studies. in addition to the breadth of 
diagnostic uses of body CT and MRI, therapeutic 
and diagnostic interventional procedures are per- 
formed. Applicants should be ABR-eligible or 
certified. Please send CV to Michael Manco- 
Johnson, M.D., Chairman, Dept. of Radiology, 
Box C-277, 4200 E. 9th Ave., Denver, CO 80262. 
EEO/AA employer. 10~-Tic 
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FELLOWSHIP IN ULTRASOUND / CT/ ANGIO- 
INTERVENTIONAL—A 1-yr fellowship program 
available beginning July 1991 at Lehigh Valley 
Hospital Center in Allentown, PA. LVHC is a 
492-bed, acute-care, university-affiliated hospital. 
The fellowship program offers training in CT (head 
and body), ultrasound, angiography (neuro and 
visceral), and interventional radiography. MRI 
experience is also available. For further informa- 
tion, contact Robert Kricun, M.D., Dept. of Radiol- 
ogy, Lehigh Valley Hospital Center, PO. Box 689, 
Allentown, PA 18105. 9—11cp 


NUCLEAR MEDICINE RESIDENCY, SEPT. 1, 1990 
San Francisco General Hospital Medical Center, 
University of California, San Francisco, Program 
B, 2-yr ACGME-approved program satisfying 
American Board of Nuclear Medicine training 
requirements both in basic science and perform- 
ance/interpretation of imaging and nonimaging 
in vivo procedures, radioimmunoassay, and radio- 
nuclide therapy. Emphasis on SPECT, nuclear 
cardiology, use of computers. Prerequisite: 2-yr 
ACGME-approved residency in internal medicine, 
pathology, pediatrics, or radiology. Send CV to 
Myron Pollycove, M.D., Chief, Nuclear Medicine 
Dept., San Francisco General Hospital Medical 
Center, San Francisco, CA 94110. Equal oppor- 
tunity/affirmative action employer. 10-11c 


IMMEDIATE OPENING, FELLOWSHIP IN PEDI- 
ATRIC RADIOLOGY—Position available for fel- 
lowship in pediatric radiology, 1 or 2 yr beginning 
July 1, 1991, or July 1, 1992. Full training with 
abundant hands-on experience with all imaging 
modalities. Supported by strong Dept. of Pedi- 
atrics with a good mixture of patient material. 
Excellent teaching on a 1-to-1 basis and ample 
opportunity for pursuing academic interests. 
Apply to Leonard E. Swischuk, M.D., Dept. of 
Radiology, The University of Texas Medical 
Branch, Child Health Center, C-65, Galveston, 
TX 77550; (409) 761-2096. UTMB is an equal 
opportunity M/F/H/V affirmative action employer. 
UTMB hires only individuals authorized to work 
in the United States. 10-12c 


ABDOMINAL IMAGING FELLOWSHIP — The 
Dept. of Radiology at the University of Florida is 
offering i-yr fellowships in abdominal imaging 
beginning July 1, 1991, and July 1, 1992. Mini- 
mum requirements include successful completion 
of an accredited radiology residency. The fellow- 
ship includes training in all aspects of abdominal 
imaging (gastrointestinal and genitourinary radi- 
ology, CT, ultrasound, and MRI) by a 3-person 
subspecialty faculty. The program offers full 
Clinical experience and research opportunities. 
Applicants must be eligible to obtain a license in 
the state of Florida. For additional information, 
contact Pabio R. Ros, M.D., Professor, Dept. of 
Radiology, Box J-374, Gainesville, FL 32610-0374: 
(904) 395-0288. The University of Florida is an 
equal opportunity/affirmative action employer 
and encourages applications from women and 
minorities. 10~6c 


FELLOWSHIP IN MAMMOGRAPHY-—The Emory 
University Dept. of Radiology offers a 6- or 12-mo 
fellowship in mammography. Approximately 17,000 
mammograms are performed annually through a 
600-bed university hospital, a 900-bed county 
hospital, and an outpatient clinic. Clinical acti- 
vities include extensive training in all aspects of 
mammography, breast ultrasound, stereotactic 
fine-needie aspirations, and biopsy. Candidates 
should be eligible for Georgia medical licensure. 
Contact Beth Kruse, M.D., Section of Radiology, 
The Breast Imaging Center, 1327 Clifton Rd., 
N.E., Atlanta, GA 30322; (404) 248-4446. Emory 
University is an equal opportunity/affirmative 
action employer. 7-10c 


CLASSIFIED ADVERTISEMENTS 


BODY IMAGING FELLOWSHIP, CT/ULTRA- 
SOUND/MRI—Clinical and research activities in 
all areas tailored to the fellow’s and dept’s goals. 
Should have interest in teaching and research. 
GE 9800 CT, GE 1.5-T Signa MRI, and Acuson 
Diasonics ultrasound. Full resident complement. 
Four body-imaging faculty. Send CV to Fred 
W. Flickinger, M.D., Body Imaging Section, 
Dept. of Radiology, Medical College of Georgia, 
1120 15th St., Augusta, GA 30912-3900, EEO/AA. 
Women/minorities encouraged to apply. 10-12c 


FELLOWSHIP IN VASCULAR/INTERVENTIONAL 
RADIOLOGY—The Dartmouth-Hitchcock Medical 
Center will offer a 1-yr. fellowship beginning 
July 1, 1991. The program includes experience 
in the full spectrum of noncardiac angiography 
as well as urologic, biliary, and guided biopsy 
procedures. Approximately 1800 diagnostic and 
interventional procedures were performed in 
1989. The position invoives interaction with resi- 
dents and medical students. Clinical research is 
encouraged. The dept. will be based in a newly 
opened, tertiary-care, teaching hospital located 
in a nonurban setting in northern New England. 
Two new digital interventional suites will be 
opened in Sept. 1991. For additional information, 
please contact Peter K. Spiegel, M.D., Dept. of 
Diagnostic Radiology, Dartmouth-Hitchcock Med- 
ical Center, 2 Maynard St., Hanover, NH 03756. 
DHMC is an affirmative action/equal opportunity 
employer and encourages applications from 
members of minority groups. 10c 


PEDIATRIC RADIOLOGY, THE JOHNS HOP- 
KINS HOSPITAL—The Dept. of Radiology has 
an opening for a fellow in the Division of Pediatric 
Radiology beginning July 1991. The division per- 
forms approximately 25,000 radiographic pro- 
cedures/yr. We are actively involved in ultrasound, 
CT, and MR imaging of children. Excellent teach- 
ing and research opportunities exist. Please con- 
tact George A. Taylor, M.D., or George P. Saba, 
M.D., Dept. of Radiology, The Johns Hopkins 
Hospital, 600 N. Wolfe St., Baltimore, MD 21205: 
(301) 955-6141 /(301) 955-7700. An equal oppor- 
tunity/affirmative action employer. 8-10c 


IMMEDIATE UNEXPECTED OPENING FOR 
FELLOWSHIP IN CARDIOVASCULAR-INTER- 
VENTIONAL RADIOLOGY—One-yr fellowship 
program at 750-bed teaching hospital. Extensive 
clinical experience involving all aspects of cardio- 
vascular imaging and interventional vascular and 
nonvascular procedures. Availability for clinical 
or animal research. Send CV and inquiries to 
Oscar H. Gutierrez, M.D., Dept. of Radiology, 
Box 648, University of Rochester Medical Center, 
Rochester, NY 14642. AA/EO/M-F employer. 
10~icp 


THE UNIVERSITY OF ARIZONA, DEPT. OF 
RADIOLOGY, offers a 1-yr fellowship in abdom- 
inal, chest, and musculoskeletal cross-sectional 
imaging that includes CT, MRI, ultrasound, and 
interventional techniques. University Medical 
Center is a tertiary-care hospital and trauma 
center with 3 CT scanners, 3 ultrasound devices 
including color Doppler, and 2 MRI scanners. 
There is an active research program including 
4.7-T MRS. Fellows will oversee daily clinical 
activities, participate in teaching and conferences, 
and conduct research. The review of applications 
will begin Sept. 15, 1990, and will continue until 
the position is filled. The University of Arizona is 
an equal opportunity employer. Contact Bruce J. 
Hillman, M.D., Vice-Chairman, Dept. of Radiology, 
University Medical Center, Tucson, AZ 85724: 
(602) 694-7368. 9~12c 
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NEURORADIOLOGY FELLOWSHIP — Two yr 
beginning July 1, 1991. Exposure to all aspects 
of clinical/academic neuroradiology. Participation 
in researchieaching. Send cover letter/CV to 
John R. Jinkins, M.D., Director, Neuroradiology 
Section, University of Texas Health Science 
Center, 7703 Floyd Curl Dr, San Antonio, TX 
78284-7800. The University of Texas Health 
Science Center at San Antonio is an affirmative 
action/equal opportunity employer. 10-11¢ 


Tutorials/Courses 


CARIBBEAN CRUISE, MR! AT SEA — Jan. 
5-12, 1991. Medical Seminars international, 
18981 Ventura Blvd., #303, Tarzana, CA 91356: 
(818) 700-9821. 10~12d 


CARIBBEAN CRUISE, BREAST IMAGING AT 
SEA—Jan. 12-19, 1991. Medical Seminars inter- 
national, 18981 Ventura Bivd., #303, Tarzana, 
CA 91356; (818) 700-9821. 10-12d 


NINTH WINTER DIAGNOSTIC IMAGING CON- 
GRESS, VAL D'ISERE, FRANCE-—March 2-9, 
1991. MRI, CT, ultrasound. Medical Seminars 
international, 18981 Ventura Bive., #303, Tarzana, 
CA 91356; (818) 700-9821, 1G-2¢ 


Other 


VISITING PROFESSORSHIP, THOMAS JEF- 
FERSON UNIVERSITY HOSPITAL—The Dept. 
of Radiology at Thomas Jefferson University 
Hospital in Philadelphia offers a visiting professor- 
ship in our Division of General Diagnostic Radi- 
ology. The position commences July 1990 and 
will be available for 2 yr, while several of our 
faculty members are on sabbatical leave. Funding 
for the position is appropriate for a senior faculty 
member from another institution on sabbatical 
with partial funding or for a junior faculty member. 
In addition to working in the General Diagnostic 
Division, the visiting radiologist will have access, 
for research or educational purposes, to state- 
of-the-art MRI, CT, and ultrasound units, and to 
well-equipped physics and physiology research 
laboratories. Liberal research time will be avaj- 
able. Interested individuals shouid contact David 
C. Levin, M.D., Chairman, Dept. of Radiology, 
Thomas Jefferson University Hospital, Philadel. 
phia, PA 19107. Jefferson is an equal opportu- 
nity/affirmative action employer. 11~1de 
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